7] Foll EAeh= b YA B4 8iA dnbdos duHEgEA ] (alpha spectrometry)©] ARE-EaL Q)
o, gt #Ae Halixe st WAk dAerE a7Enh BEAQl WAt A o2 e 3shY
(ashing method) ¥ ¢Z2] 8-§H(alkali fusion method)7} vk, Z2ju; FjspHe] 79 HAz] Algto] Hof m&
o] o= o] glon, ol e ¢z &g DAIRE ol A7} kst e ot BE
Hoz AA el o] FATE FHIL B4 48 H]E A DT mrhe ©Eo] Qi) o]#st BHER Al&Sh A
A3} @7 EH+= WAs AFL B B IAFA QEAEX] EAA|L AR Physical Inventory Verification, PIV) 473§
Al, &S A7 dle] Hnt olof] £ AFolAe HASIHA = Foi g2 AR Wl 37] T 2k E
s BAHS g8de AL EF¥og ) 223 MFEW(ultrasonic cleaning method)& ©]-&3F A28 HWALSFSE A %]
g WHS JPekSlth. =gk 253k AlEWMe] B8 BAS sl A AQARE, HeA, A8, ek 5
Aa 3o SN 71Ee WHER vl AT Y 219 B TR S s vuAd-s Fagt
St

1

A3, 2 Aol AR 250k AEYS 289 82 diiFeR dAE AR gL, ofse] ks, A7fe]
™, Sl Brekal 71 WA vlaste] fARE s Bl

1. A2 o AR el B2 F Sekw 99 BAS gushe

A BHOR, 280 AHUS ol §F Az WA

ARl tha TAEA Pz A AAL W W 2AE 8 Ade PEE ARSIt £ o0k AN &

Adshe QAN d1A B2 98 Ades & &4 BAS Sle) dAe 2e), Beld, savs,

SEAEAYo] AEY. WRERRAEE ] Fol  Sehw FNAL 3580 SHelA s|Ee] WS B
el $ebr 299 5992 HGaio® 54 45 1 BAa

A AZE T3 Ashs APelH, s A Fue

2718 ER5ka, THE S PAsel [AE, 2

¥R % FE, A9 A Jen 24 B8 Fa 2, A8 F by

AFHor 37) T kel TR SAe 2Hs

ek, ofjg de] AA A4S A di=F 7-10 & Az ke 253k AWt 7)E BAEe] g v
Awo] Alzke] gEw, oite] Alzte] WAlslsl A W BAE 8, edd =49 ¥V FHE FHIsk
Ay F AZ g3 AN 2"t =3t 3stze} 33 (ashing method) [1-3] 2 8§ (alkali fusion
2o ZAL Au} 27 EE FAGNE ol A7 method) [47] 2|z B AT FHg3 g9 AlH

g AZS BANAR o]ddls AlZke] 27l 2a%e],  W(ultrasonic cleaning method) [8-11] ©& Z}7} Hx]g]
IAEA QFAZEX] ExMA|L7A K physical inventory verifi- & st ARSI dAe] WAl o& Als 34
cation, PIV) 3-& WAL Alal A3} o] 7bs3k w2 & HskEhs IRlstr] 98, dAe] olF FHE2(F
AIZE Woll BHATE dojof = A9olle daAdel  ThE 2l ¥ FF, LA, Gl 33) B Fdd

Holch, ol & el THEME Folxl g 2N FREUTE E3F Jg o]l A £8
ARY, WA, 22T seue BHINE HE B7te
At dEFom, B Aol Ed 3L Ve ¥
AJAAA} : FAJS-, swkwak@kinac. re kr

AT SAT SAUE 1534 HZARHEA 729 A3} Hlawste] fARE 3l8kA g 3laS Helds &

-
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cheskal A7keln] ik e A Albo] g2 &
Haown, ofgfgh e bdxA AR WAk
the] A& vdtE A8 Y A fr8e 28
Us AR wekEn

i, > o ok
Rl o R

4

2.1 7171 & AJeF

33} (ashing method), &8 (alkali fusion meth-
od), 223} AlZH (ultrasonic cleaning method) Z}7}+2]
A 9@ 54 g3l ASES 28 ARE 717 2 OA
okttt IglEe AlojeHEle] MF-12GH
Modelo] AFgEloH, &80l AME¥ 8= K2-Prime
(Katanax, CANADA)o|® %23} A& 7]:= Branson A}
o] MTH-3510 Modelo] AR&-Et}t Alg 5 &A=
matrix g AL £FE s Elshr] sl
AHS 5 ml empty column(Eichrom, USA), A=
UTEVA resin (100~150 g, Eichrom, USA)S A543
o #P(disk) HALe A=ty 21 A7 @
bl AU oA A=gt vhalid de A998
(multi channel power supply)S AF&-3}ict, #|2HE A1
As A7) S8 guhtgEA g A] (Canberra Indus-
tries, Inc,, U.S.A)E o]&3}3ith. A3l AR Aok
d= =g E2|8t 972 (National Physical Laboratory,
NPL, UK)elX] A& P*U tracer, v ZTYEF7|EA
T-2>(National Institute of Standards and Technology,
NIST, USA)oll4 A|Ze SRM 3164(Standard reference
material) 8|3  Sigma-Aldrichol]d T3+  nitric
acid(ACS reagent, 65%), hydrochloric acid(ACS re-
agent, 37%), sulfuric acid(ACS, 95.0~98.0%), ammonia
hydroxide solution(ACS reagent, 28.0~30.0%), methyl
red(ACS reagent, crystalline)Z ARR-EFITE, AlokA| 2L}
£719] Al AeH S-S millpore direct-Q systemo]]
A e 182 MOm' oo 33k FRTFE o83t

2.2 AE AR

ZH AM-E FEE Staplexoll A A2 TFAQS10
HE]ZA] ashless AAS 7FAL QAL 1 ¢ &9 Y=k
E3] &80l 95% olth. AvkAQl A= IV F

Fig. 2. Automatic air sampler used for collection of uranium
particle,

SehE Aol £o] 7o) Erbsaty] i, & AF
AMe 2HIEE 27 o7 2714 gHHA Fng
oS NPLo|A A& U tracer 0.5 mle} NISTOA] A
2 EFAEEA (standard reference materials, SRM
3164) 0.25 mlE v|g] ¥ E&Fal 37 &<t fume
Tl ARAA AEE ARt A" R
(Fig. 2) ¥ 2s A% 37] TF7]oln 2 ARk
12 AJIZF, 42 500 SLM(standard liter per minute) &
2 skl 247 3 S| 37 AlsE EYst F
9 7N AEE A=At

2.3 AA Uy

2.3.1 33} (ashing method)

Z¥zro]l X H 3719 EEE Tl ol 450TE
ddE 3s|stZ oA 30 AlZE B T2 AlIZE 15 AIZE,
3]} AZE 15 AR 3|StAlA ZE]d] 2oldeE A7l
9 e e A8 b AAS o 2 AREE FEE
ashless filter paper 4] 33} 3 zkalEo] Aol t} A
Axe Aol ot 38t F A HolsleE =7y QF
(Fig. 3)°l| <=4 A4HConc, HNO;) 10 mlE IS o]

G3le] FolFuA =Y E e & YEES 50 ml
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Fig. 6. Automatic fusion equipment (K2 Prime).

Fig, 3. Air filter after 450 C, 15 hr ashing. A AAIA Zi—‘——", Al Conc. HNO; 5 mlE in']7 Fat
0 & B3 7tgete] HEH o2 Hastgivt. vt o
Bt HF o o] 2ughrA]9} FAg 8 M HNO; %
WjEE grA] b 2ElE SHEklth B dxe W
212 7 gl 2ol dH| 2ofdle B ErES
L A AAT  Avks AHo] dou, A
A3t zol Fska xlgsh= AIREE 30 AIRE oo
AL, AzE 579 o]FAde] Holxitt,

2.3.2 &8 8-8'H(alkali fusion method)

a7z EFHE ol&d WAEE v 2ol 9
Hok. sty FdstAl FHlE 3710 dHE FHE
W e & Holr ¥alFig. 5), 2 #e =7k
o ZE Y 8§L Y38te] lithium metaborate(LiBO,)E
golFdnt, dH e} LiBO= 1:39] H[EE AHE- 33t
ok 88 § =rhY Wdel detE A GES 5] {8l
el (LiBr) 0.5 g& WolFlon, Alse &Hsts
& K2-Prime fusion AH|7} AREEHACHFig. 6).
K2-Prime fusion 8]+ 7|2 U= otAAL 313}

3 ox z2d Zaslels okl A & glom o}
°b~‘5¥ AEE &FAI 3 GAZE 1 0000011/‘1 ‘5
T QoA AR}l GdskE HsHA AFEo R
ot —’F U AHojrt, 2 AFolAe] Eafx 9 AR
Tt ol AR 30T el 70T/ 25
S W2A &Y F 700ColA 3 #1F FA AIF|AL T
700C oA 1,000C 744 3 & EoF ex = oo HEl9}
LBO;E AT olF Tl 1,020C71H] £RE £
1,020C oA 8 #3F 2EE FAGHA. olF 7tEd &
TES A48 A3 vlg] £1]8F 10% HNO; 50 mlef ¥
o] ghd3] Fl &, bAoA 180~190CE 7HES %
ket 3AIE FF AE Pk & o] u sk 9
Y3t 8 M HNO; T2 wldHES Agst=d A
Fig, 5. Folded air filter and LiBO, in Pt crucible. )‘] H]'lj'oﬂ %O] ELA@ O]'GZ] oJ/\ LELE]7 ] =3 O]‘g‘ 20

7 AA REE AR F, ATAs 7ML ek

HAR b3 & 7FdFH(Fig. 40l 180~190CE 7} HE FHISHAH. 42y %"‘%‘d% o] &gk HA e+
S Pt 1 AR B9 M F ki duAlFe ARKEF 443D ol AEe] A7} 7hsskal Aol

Fig. 4. A digital hot plate and stirrer,

;ru'

flo

il

AU LR rSl HE F-hi

W, ol% 4% H582 Folsl A5 & 2 Wl Am  wsche el glout, Aulel shze] wtelw
Ae Flz A9, QAo Axd 4R AT 8ol AgEE BF = 2 dol Hekst
Al Cone. HCI 5 miE F74ehed 30 ¥ 5k 71d & ol Q.
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Fig. 8. UTEVA resin, column and column wrack,

UTEVA Resin

I Extraction chromatography |—
_J

J Conditioning

20 ml of 8M HNO;

| Sample loading

| Washing

30 ml of 8M HNO;

Removing Th

10 ml of 9M Hd

| Removing Pu,Np, Th

30 ml of 5M HCI -
0.05M Oxalic acid

O (I

30 ml of 0.05M HCI

Fig. 9. Synoptic scheme for the separation of uranium,

2.3.3 223 MAHY(Ultrasonic cleaning)

259 AFE it o voks mjde] o =
AAE HHor de] AR glor, Abge] 7
2] 9= o FIR(20 kHz)RE Q13te] WA=
THEAHY Fo| ASA] TF W ¢ o
Z-gsto] AHes WHolth, A&HQ] FFALE Al

ool mek, WA, fEha8L vrEse] ANENE &

~

o B o ofd i

A7, Al i dEell E(defects)o] A=A okl o
AIZE el ATEHA A =EE Fdoz s FUAlE,
QAR AH =FAT AF 2 FIAH T Lo
ofoll A o] &=L Ut F, AF Ao 23S BAL
Aol o oste] njH drfele] 7|27} 3
I AEEE Ao #kgow <l MF
FAGH FAlol 9] AHEo] FE|HA -

o ofh

0 & ox oh

B = A
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ARG 9l 4901 /] F Tobr FAAL BAS AT BASE AXpel o vlw 2y o
UTEVA Zgj#e] F2d fehas sk ltkFig. 9).

GA-FE ZI3 TG-S Bl 282
WrE ek o] 2gutel els) AHe Fol BAl:
o AHEe) EW %ol Holx e E AN VAR
dol AREHE AL 5 = ol

w AReAE Sebr At 24 6 FHE 2

AE 253 AFHES ol8ste] GAIRE ol 2 9EH
S ggHog el ¢ & &
st o2 2o Wyog Ay
] HAEY Fd3 @A THE 3 7o dHE
50 ml B]A el & Hojx ¥ & 8 M HNO; 30 mlE
A2t 8 M HNOsS A2 HIAE 253} AlF7]o &
A 1 ARE B9t MAe PSFTE. Frequencyw 42
kHz A8sldehFig. 7). 23 AFHo] B F ujA
Qtell = H+= AAENH, Holdle §d5 714
oz &7 T 180~190CE 714 Az FAL s}
At &9 &o W e FAEdd B ss AlAS
71§18l 3AIZF Bt 71 & €A 73 AlF e, thA]
Con, HCl 5 mlZ #7}8ke] 30 & &<t 71 & &4
3 AJZA3AL, ©hA] Conc, HNO; 5 ml & H7}aloe] 30 &
o 71 & 3 AlFh At o B vjA o o]
WA} U3 8 M HNO; w52 nfas uba &
g FElE ovlsklnh. JiEtE 253k AlE el A
AZE FJshyol vjaf Jdjdoz gar(ek 5 AIRE ofu)),
2 g Ay} destar, Asl Fo o)Fo] 9]
stH, 7FAo] wig- A&tk ol k. ey 7]
Eo| AEH g dAElE B3 AAs) o] FoA]A
oo, 253 MH £ AE &N 2AE AHAS sfof 3
= HAZE] o

e o -y

&
o2
QL
441
o

0

2

2

Z}zko] 744
3 b 2 B FE ¥ Al .
Axe] B vl g A4S 520 s, 92t
F Y 9 EF AL BT 5US 26A FEEA
=2

FohES Y 2 FE5] Sl A" A" AA
i, UTEVA A& ARkt (Fig. 8) HIFACl m]g] 10
g AEe] UTEVA A& Y3 1 M HNO;Z S35 3
AR 5, Aol Skt Sekay A Eeld
ofef&el Zejolddll Iy "2aE 719 YL, AT
o] UTEVA FAE 6 amAE[12] AL the, e thA
Zeloddl gy "2aE 719 Y Zur|E A4AF
oh F4 Bejdol 1 M HNO, 89 2 mi% ¢ 2
& AAF The, 8 M INO; $94 10 mi¥) 2 8 F2
uujo] UTEVA 547} 2ol 29 208 Aezdd
Fals7) 245500 8 M HNO, £l] §e18 MRS
& 208 UTEVA $eldtel EalFslth, ARsh 949
SH35HH 9 M HC 10 mlE Ao SHAIA AF 2718
v}, 5 M HCL-0.05 M Oxalic acid 20 mlZ2 Y5F
(neptunium), ZFEF(plutonium), E-F(thorium)<S A|
Astedct, wlAEroZ 0,01 M HCl 30 mlE E&5o]

T fEhEe vtgweN S Aad §, 1 M
HNO; 1 ml, HCIO; 1 ml, H,0, 2~3 ¥-2-2 2834 o}
Al 2~3 3] HiEA o g Zuk Avste] BB Al A

2E SEhE AEE ASE] HEixe duidy
JEsle] AlEE gk, US| wHEo ok k)
A& AF B olE JF53Hvaccum sublimation), 2]
S (direct evaporation), 3% % (micro coprecipita-
tion)[13-15], 7| A& (electrodeposition) [16-18] B S
o] i}, 7|Ee] =il W, [ wao] o
HEo g gk #dst AEE dE 4 3, =3 oY
A wEfse] 5% SA4S JHAAL Qi wEbA 2 A
oM A7 AF Ao g AAS AFslgon, d7)
A2-E fEiA EelE ARl (1+9) HSO4 4 mlE ¥
<, Hdd= AAkS g WS "oy, Fa4o
2 W3 A5 NH,OHE =ghdo] =& AIH7MA] ¥
< (=F 2~3 ml), (1+9) H.SO4& ThA] §F ¥4 Hof
EY F2 Mo] A wE ¥HE3)A NHOHS (1+9)
H,SO4E ©]83l #F pH7Z} 1.7~2.0 Alolol] X|3t==
ZAT. o]F Wlg AFE o=, AHS 52
3ted 1 A AFE 2 ARE B ST Azhe]
1 % Holl, wjde] d==e =o]7] ¢d NHOH 1
mlE F7psllon, date] ¢ & 7fauyR dS 7}
Ho 2 BEES A7staL d3d Askas 1y

<}

o
N
of
2
o]

Fig. 10. (a) Electrodeposition system, (b) Alpha spectrometer,
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Table 1. Uranium Results in the Air Filter

Uranium  activity (#Bq - m?>)

Pre-treatment method Time(s) Chemical yield (%)
U-238 U-235 U-234
Ashing (1) 100,000 158.05 2,08 142,87 88.22
Ashing (2) 100,000 125.99 0.88 125,12 88.70 88.33+0.27
Ashing (3) 100,000 122,56 2.68 109.14 88.06
Alkali Fusion (1) 100,000 120.81 4.54 116.27 86.73
Alkali Fusion (2) 100,000 121.00 2.69 107.55 87.21 86.431+0,79
Alkali Fusion (3) 100,000 125,54 4,01 108.92 85.34
Ultrasonic cleaning (1) 100,000 124,88 5.20 120.54 90.84
Ultrasonic cleaning (2) 100,000 91.64 4,30 89.89 89.56 88.5+2.46
Ultrasonic cleaning (3) 100,000 112,93 2,78 100.45 85.10
Table 2, Comparison of Three Different Pre-treatment Methods Employed for This Study.
Air filter pre-treatment Equipment Operating time Acid digestion Separation/extraction
Ashing method Furnace Appx 30 hours 2 hours 3 hours
Alkali fusion method Fusion machine Appx 30 minutes 3 hours ”
Ultrasonic cleaning Ultra-sonification 1 hour 4 hours ”
Table 3. Compared Specification for Apparatus Employed for Each Pre-treatment Methods.
Equipment standard Voltage Power Size Weight Price
Furnace 220 v 3000 W 48 X 53 X 73 m 40 Kg $ 5,060
60 Hz
Fusion machine 220 - 240 VAC 3000 W 91 X 48 X 48 m 43 Kg $ 63,000
(50 ~ 60 Hz) 8 )
Ultra-sonification 220 ~ 230 v 335 W 29 % 15 X 15 4.9 Kg $ 1,085
(50 ~ 60 Hz)
2.6 IMEREA 3. 2% 9 =9
g 29994 i bs B2 2 FEH|(ratio)Y
A= dukd o g Agr vl (mass spectrometry) Z59 AFHE M AFT o] A=
T YRR (alpha spectometry)o] &-8®  H¥Ho g FEEE o AF woln 1§
oh AFRAPRe YNNGl I Fv|F AR B de] Feld ek olo] B Aol 2e3k AR
= 7hssiths Aol gont, Aulzk wkehs wael ek B994 #AL 98 AAE Bl Heasle

=
o
-3
v AR BAe  w, slEe wuEstel uw
3}

j
&
o,
i
o
Mo
o
Mo
1%
ok
rE
N rlo
Ju

B £L 120 RSl B9, LHLAUE B 3 A%l e A AT 499 Hapas
5

g $99E4Y W T 9 F&H(atio)E AW {8 U AlEE AMSIE e, dAE S Al
3HAl Et gk v Azde E'—Er‘ A FrAleFATE. =gt
°]°ﬂ, B Aol Al 7EA] e Ao R ARE Ao AIAdS fldl, 7 AT wEE 3 K] 24
AhdE2 °LJ]r BEN7IE o83t 7:“15]»)\—”4 A AES Z83H0
= /\}%% L} F R 2| (PIPS detector, Canberra 7t Axe Waloz AztE Ao 34Hs&s vk
Industries, Inc.)e] AUA] SHHHLE= 3~15 MeV o|a, Ay B ATolA Aok 3F 223} A|ZHo] Az o
fradd 2@ Bl zHz}t 450 mm® 212]al 18 keV o] 2 Az Mgtz E-kaL Bf ﬂﬂﬂm’ S vl
ot Al A, HAE7] WREE JAFEEZ(Edwards AF)E sFo] S48 35 %9_ HtK(Table 1), EdF HEH o
AREERe] 107 torr of3tR FA] BTk AlS AlEe A 2 AS" A¥EY oA nE ﬂﬂﬁl -‘ZE =H|

271 o] Agls 1 m2 2FHIoH, F ASAREE @ AdEe] T 75‘5“3% A%
o

100 28 2E A dAsHA AAsct tH(Fig. 11). &
= ALt
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Fig. 11. Alpha-particle spectra of uranium source isolated from air
filter; (a) Ashing method, (b) Alkali-fusion method (c)
Ultrasonic cleaning method.
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7y AA ] wale dast F A7k 7zt g &
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A Comparative Study on Radiochemical Pre-treatment Methods for Airborne
Uranium-Isotropic Analysis

Han-Byeol Kang, Heejun Chung, Seunghoon Park, Jung-Ki Shin, and Sung-Woo Kwak
Korea Institute of Nuclear Non-proliferation and Control

Abstract - Alpha spectrometry is typically used for the assessment of uranium particle concentrations and its accuracy can
be directly related to the accuracy in which the radiochemical pre-treatment is conducted. Ashing and alkali fusion methods
are typically used but the ashing method requires longer analysis time and the alkali fusion method is extremely costly.
Therefore, a new pre-treatment method using ultrasonic cleaning was developed and its experimental result was compared
against the two conventional methods in terms of pre-treatment time, convenience, cost, and recovery rate of a target material.
The results that were obtained by the conventional methods(ashing and alkali fusion) and the new method were compared.
Consequently, even though the shorter pre-treatment time was required, the new technique showed almost same recovery
rate comparing with two conventional methods. The new method was also featured by its relatively lower cost and a simpler
process than two conventional methods.

Keywords : Uranium, Radioisotopic analysis, Pre-treatment, Radiochemistry, Ultrasonic cleaning method
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