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Abstract: The urania-gadolinia fuels were dissolved with nitric acid. The analytical conditions of ICP-AES
for the direct determinations of gadolinium in the uranium matrices without separation process were investigated.
Based on the effect of uranium on gadolinium intensity, the best wavelength for gadolinium was 336.223 nm.

The relative deviation of two methods, direct and indirect measurements with anion exchange chromatography,
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was less than 5 %. Therefore it was possible for this procedure directly to measure 5~10 wt.% of gadolinium

in urania-gadolinia fuels without separation by ICP-AES.

Key words: urania-gadolinia fuel, direct determination, gadolinium, ICP-AES

T Ao ] 918ke] ukg 7)o Ag A
A T2 A5= YARHSE (excess reactivity)E 7F

T AoF e Jofurgme HAS §j5te] 2
s =4 A ojsteor slH o]E 9y sIIAAH = ER

% Corresponding author
Phone : +82-(0)42-868-8149 Fax : +82-(0)42-868-8148

E-mail: nkschoi@kaeri.re.kr

-131-



132 A9z - ARY - o]

oo

oo
AN K
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Z o] 247} 2 barn®} 2.4 banSE o™, W 2o
EA3tE 99 9L EAME ZH7E 14.8 %2
15.7 % | B2 Fo] AMEE I AT dA] A5 A
7= G058 2 10 wt% oW o]t}

ICP-AESE thl4 AR, vhe A&, 52
Hele] AR AMAG B e mEY X 7 2

rﬁ rUan mlﬂl
2L 2w

(o3

e

m

o APoz 9N, B2 L Asks 39 24 2 w2
% 1 o] wol 2ol gtk Tt olsh e
ICP-AESS] B& Aol = B85 4% @
BN QU Qsle] vFOE EAHE A
st e MARTY Bastun s A

g vg Rl Bast Aok 59l Sekagel A

d

§uhREY, o e, 5 AzrlEad) 3
AAR 7o Bauiglo g2 et s of doh
2 R PEATAE I} AFE ASFAAR
= Cd, Ba, S, Y, La, Ce, Pr, Nd,

1o,
2

5
ne
o
oX

il

ro,

b

~~

Sm, Eu ¥ Gd)E9] 44 S ol gk =
WA ol o T ZREFS wEstal 28R
tri-n-butyl phosphate(TBP)E FEA| & 3t & A=}
EJY9R Sgu o2y JRINIE d4E &
23 T, 3HAE AmCZRE $9 9AES d

ethylhexyl) phosphoric acid(HDEHP)E FZ&A| & 3%
FE AZRnEIHIE 22T v FERnket A
FEEe] AHAI AT Qo] AXE ICP-AESE 5
A3t Pandt F5ATAES UsOs0l 0.3~1.2 pglg
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2o AF&3F ICP-AESE Z &2 Jobin YvonAle)
T4l JY 38 PLUS % ULTIMA 2Co| it} A Ake] 7]
7] A9} e 21e OgE =7l Yepiden?
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A0 %) DAK32 %) MerckAte] AES A
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Table 1. Operating conditions for the ULTIMA 2 C

spectrometer
Item Conditions
Combination of sequential and
System .
simultaneous type
Focal length 1 m (sequential type)
0.5 m (simultaneous type)
Mounting Czerny-Turner (sequential type)
Paschen-Runge (simultaneous type)
Grating Double ord.er of 2,400 grooves
(sequential type)
3,600 grooves (simultaneous type)
Power 1,000 W
Torch Fassel type
Nebulizer Meinhard TR 50-C1
Spray chamber Cyclone type

Plasma gas flow rate 12 L min™!
Coating gas flow rate 0.2 L min™!
Auxiliary gas flow rate0 L min™!

1 L min™

3 bars

Nebulizer flow rate
Nebulizer pressure
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THEL T HoR RS 2T gol
232 = Bio-Rad ] AG 1X8, 200-400 meshE
AHEsEATh 3 Aol ARE-3E S (distilled and
demineralized water, DDW)+= Millipore Milli-Q& %3
St 23} SFEA] HIAEe] 182 MQ - cm o] o]l tt.
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Fig. 1914 & & 91%0] 336223 nm9] 7158 &
o] St o2 RE B3t 1Y el 7HE
2ok}, o] wpef 17 336.171 nme} 336.274 nm
o] Sty Haw AT #F7IR A7 7HESl
o oz} AnaE EEQU0Z 3la] 200.004 nme]
B2 BulRE 999.97 nme] ZHEZEA] 100,000 7] ©)
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Technology(MTT) Wavelength Tables'*ol| 4] o] 5 =}
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Fig. 1. Scan in the vicinity of Gd 336.223 nm.
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Fig. 2. Scan in the vicinity of Gd 364.620 nm.
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Table 2. Effect of uranium on Gd intensity at 336.223 nm
U concentration (mg/L.) Gd Intensity?® Background® Net intensity
0 69.5+2.5 9.8+0.1 59.3+2.5
100 71.1+14 11.5+0.2 59.6+1.4
200 72.6+1.6 13.4£0.2 59.3%1.5
300 74.7£1.5 1531+0.4 59.4£1.3
500 78.4%£2.0 19.3£0.5 59.2+1.9
*Concentration of Gd in each sample : 5 mg/L.
®Background position : + 0.0268 nm
Table 3. Effect of uranium on Gd intensity at 364.620 nm
U concentration(mg/L) Gd Intensity” Background® Net intensity
0 54.5+1.9 10.2£0.1 443+1.8
100 57.5+22 12.0£0.3 455+2.0
200 59.4+1.9 13.7£0.5 46.0+1.5
300 61.3+1.8 15.4+0.4 459+1.6
500 65.9+1.0 18.8+0.8 47.1£0.6

*Concentration of Gd in each sample : 5 mg/L.
®Background position : — 0.0360 nm

uth 7tEEEE %%Al?d o2 $EES g2
7] 918k 0.1 M &4F 10 mLeF 755 5 mLE ZH2+
HAES Ao gt %ﬁ 9 $HEes 4% 45
3] 482 99.710.31 %(m=3)E A2 ¥

ol g3
gov, TR 5 mLE A o Y-S A &
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S MEY 221 rHEEs EEEiA ¥
Hg Z4o| 7Fs3A] dolrr] 9ste] $-gtFe] &
Euste] WE A EE Table 23 39 VFERAT
o] Az 7712 3 3] A3t 3 3] wHEEt A&
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nm®] FF-L Fig. 19 Y=o ¢85 F=7F
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517} 2= A lfﬂb} Table 214 & 4= A5l
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Table 4. Comparison of Gd recovery in simulated solution with and without background correction at 336.223 nm and 364.620
nm, respectively

Gadolinium (mg/L)?

336.223 nm 364.620 nm
BK® correction No Bk® correction BK® correction No Bk’ correction
Added Found Added Found Added Found Added Found

5.00 5.01 5.00 5.19 5.00 5.00 5.00 5.22

5.00 5.23 5.03 5.01

4.99 5.23 5.05 5.23

5.00£0.01 5.224+0.02 5.03+0.03 5.15+0.12
#Simulated solution : U 100 mg/L + Gd 5 mg/L

Background

Table 5. Comparison of Gd recovery in simulated solution with and without separation

Gadolinium (mg/L)?

No separation” Separation®
Added Found RSD Added Found RSD
5.00 5.01 5.00 4.96
5.00 4.96
4.99 4.92
5.0040.01 02 4.95+0.02 0.4

*Simulated solution : U 100 mg/L. + Gd 5 mg/L.
"Measurement of Gd at 336.223 nm with background correction at + 0.0268 nm
“Measurement of Gd at 336.223 nm without background correction

Table 6. Comparison of analytical results by using ICP-AES for Gd in UO,-Gd,0; fuel with and without separation

5 % Gdy05 Relative 10 % Gd,05 Relative
No separation® Separation” difference, % No separation® Separation” difference, %
495 4.95 10.03 9.73
4.96 4.97 10.27 9.94
4.99 4.92 10.04 9.95
4.97£0.02 4.95£0.03 -0.4 10.11+0.14 9.87£0.12 2.4

*Measurement of Gd at 336.223 nm with background correction at + 0.0268 nm
"Measurement of Gd at 336.223 nm without background correction

ATHE AL L = AUATH 5% B3 UelA & AR A 9o Az

Ao g2 =2l UO»-Gdh0; AAEE F 714 W e $ghE wEY 20N rHEEEY o] A7)
o7 238 ANE Table 60 JERAATE 22T ok TOZ 005% oI’ EAT A= S AA
&+ 4% g VFeE F WY AuEAies 2| ¢k vlZ ICP-AESZE 71EelvS A% B4 &

5%t 10 %2 Gd,050 thste] 2+t 0.4 %<} -2.4 % ot Al )
ol 29| Table 6914 & 5 JYxo] viE A

S gk el o A e A Esase 4.4 B

5%9F 10%°] Gd,0s et 7hzb 04~14% 2
0.6~12% WoloIAt. + Yoz 4% 7h=elF Aok iR el 5] UOrGd,0; &5 ARS8t %
o F2 BT OE AT e IEeR du v EYHEARRY VEdEs 2EsA Ral e
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ICP-AESE 4% + Atk 7IEg v vE 34
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