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Abstract : Inductively coupled plasma atomic emission spectrometry(ICP/AES) was used
for the determination of uranium and thorium in geological materials. Samples were
predecomposed by mixed acid digestion technique. The separation of the uranium and thorium
was achieved by systematic solvent extraction with TTA(thenoyltrifluoroacetone) and TOA
(tri-n-octylamine) and back extraction into HCL. The results for standard rock sample, NIST
SRM 278, showed a good agreement with those certified from NIST as well as found values by
other non-destructive techniques. Additional purification for extracted portions was carried
out by anion exchange chromatography for measurement of several natural radioisotopes of

uranium and thorium by alpha spectrometry.

Key words : uranium and thorium, systematic solvent extraction
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olr} 3-8

AFAIE F2] U The] ¥l HLS, (NH)CO;,
NazC0s3, Cupferron, Oxine, LaF3 ¥ CeF3, ferric
hydroxide, PAN[1- (quyndylazo)~2~naphthol]. oxaj-
ic acid, zirconium phosphate, lead glwsphate ra—?H
A AAE o) &% A34, TBP(tributyl phosphate),
ethyl acetate, TOPO(trioctylphosphine oxide),
TIOA(triisooctylamine), TOA, TTA, HDEHP[Di
(2-ethylhexyl) phosphoric acid], TC(tetracycline
hydrochloride) $¢] 2 & o148 4nF24, «
ol 3 Zeolg aBclEIHY, TOPO F& &8
%2 azvle e Feo) o) 45 gluh 67010~

o -89 2R A H Fol= Ut Thr} o]k §Hf-5 ]
Qoxmz Aggo] wp A4, ¥R, UFE
M, d g de] FARPEABHEA (NAA), X433
A (XRF), d¥-ded 24, 4 9@ ol #3348
A}, B 9 ot (thermoluminescence) 5o}
0] 85 g1 1}.6~% Scottd! F-& A MR & F2] U 4ol
ICP/AESE ol &3t e, Ul 1942 w&Ald of
& P 249 148 24k o 378.28nme) WEA
° 2 0002~0.02% W9 UE AFstg2 o Fes}
Ca2] 7H4iol gt ®.Ae] ¥ 2.8t} Zhanxia® 52
YA RE EALe R F-% F ThE ICP/AESE A
23tk 401.913nm WHE41E o] 43td& o &Y
A+ 3ppb, LQD(lowest quantitatively determin-
able values)i= 10ppmellch. ASTMPel 4= EofA]

g Fo by BMAE 243 A4 MY

Fe(OH)z 23 ¥-218}31 isopropyl ether 2 FeE 1|7
g}, olo] Lol ugi-2lE UE Pust RaZHH
¥-e)shel ov, 3t 482 o 2 78%%]

B Aol de AAAE Fo Us) ThE Heksia
Ealo] Adubad 9T S Ek] A7 e

€ =237 g8 F2YA(NIST SRM 278, Ob-
sidian rock)% o] &3] R 7}=) wpj o 2 shsha A
2] 9 /g Ee)st e ICP/ AESE A &) Mgkch 7
Helupy o] o & g A wbel 2 RS vlarste] 7}
A BA Q) we AA st T4l AAAIR F9 U
2} ThE Helslm ojo] Eelit zZzhg AFA o2 4
Aska 27| AA F dupd EFREAE st 7 4
Zeol) Ti g ApdubAbd FHYAE FA 8 Bateh

_ hydrogen phthalate& ‘Aldrich A. C. S.
(99.993%), 'TC(98%), DTPA(diethylene triamine

2.4 8

2.1. Ale} 9 717]
F4. NagC01(99.5%), HCI(37%) R potassium
3, Li2B4O7

pentaacetic acid, 98%), W TTA(99%)+ Aldrich#l,
HF(38~40%)¢%} KOH¥ Merck EPH#, HCIOq
{(60%), HNO3(65%) ¥ NaCl04(99%)+= Merck GR
Z, H:804(95%) %2} NaOH+= Junsei 5%, NH4OH
(25~28%6) %} acetone(95% )& Duksan D. S.P. GR
&, benzyl alcohol® Wako l&, CDTA(trans-1,2-
diaminocyclohexane-N, N, N, N’,
acid, 98%)+ Sigma#], PAN2 BakerAl], xylened
Yakuri 53, TOAE Kodak#| & AH43d4ch TC/
benzyl alcohol E35}-8--& Az F 6A| 71yl AH-8-3}
3 r}. Phthalate 235842 0.1M potassium hydro-
gen phthalate &<} 0.1M KOH $9-& = 7}3lo
pH 4622 A 8grh U 5842 SpexAte] Plas-
ma X389 (1000ppm) ¥ NBS 950b(U30s) A 4HE
A2 A zsle] AHgelgch Th £2-89-2 Spextel
Plasma ¥3-£9(1000ppm)& 2188t} 3ol &
gh4=2] &= Bio-RadAt2] AG 1x8, 100~200 3! 200~400
AH4-8heich

-tetraacetic

mesh-&

Tuble 1. Analytical conditions in Jobin Yvon JY 38
PLUS ICP/ AES

Spectrometer :
Sequential(JY 38 PLUS) : focal length 1m
Czerny-Turner mount
Holographic grating : 3600 grooves / mm
: 40.68MHz, 1.0kW working power

Flow rate of argon gas(using humidifier) :

RF generator

Coolant gas : 12L/min
Sheath gas : 0.3L/min
Carrier gas : 0.3L/min
: Meinhard type C
Sample uptake rate : ImL/min

Nebulizer

Observation height : 15mm above load coil
Integration time : 0.5sec
Analytical wavelengths :

U : 409.014nm

Th . 283.730nm

Analytical Science & Technology
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ICP/AES+® Jobin YvonAte] 29 JY 38 PLUS
A3l A A143te] Uzt Thd W8 AZFstsdrct
o) 71712} A5 A 24 WAL Table 153 3Fch. ©
A 2F o8-8 A8 F9 U} Thel Hl 5= F4xpgA
R (INAA) S 18 A5 Fug) £48 Fude
o] ZahgchY dnpAARFEAL S gHAHA
27](EG&G ORTEC 2% BU-SAN450-100) % &
249D (ZPuAAm?4Cm) & 21881

22 MY

2.2.1. NB2ES

Bz g o 1g& A3 AFFste] Teflon
beakerel] et HF 2ml, HNO3 2mL, HCIO4 3mL
£ shsla ) Ao sl AEssia
o] }4-g 2~34 ] W&} HCl 5mLE 71812 &
wA zA)7ich A{-E-E 4AM HCI 49 10mLel =<1

S 125ml, Ao} Fwzudr|(I) atell Rech 4M
HCI 29 10mLE Teflon beaker& 4 3. g3}

222 0@ U] £§ 9 BEk(Fig. 1

2w ri(De) 05M TTA 4 10mLE 713l
1087 2B} ¥ ¥ 538 Yozt 2dzd
AN &7l thr] Fe #7138 4M HCL 89
5mLE 7}8a 587 50 F&330 el F 73
2 Hasle Ewadrl(IDe] Ao Edzer)
(I1)ell 5% TOA 29 10mLE 7}sli 582 EEr
Qe 3 528 Felste B2 (I &2
o}, Y& §7] 30| 4M HCl £ 5mLE 7}3h 387
226 &3 AHRe F £38 Feistd Ead
Z| (1)) §HAc}, iz 7] (1D Th ¥2§ #35
o pagt) g r(I1) 9] ¢ 713 03M
HCl 29 10mLE 7}3b7 587 £5] UL A5%3t
T Sy Ralsle] gy (IV)el &30 AR
2 e 7 (11) 2] 871 %] 0.3M HCl 49 5mLE 7}
shi 387 £80] U 333k AR F 73F
Belsted Buiztd ] (1V)el] €2} #3827 (1V)
ol xylene SmLE& 7}t 287 BEL}. $£3E¥F
&}4d Teflon beakerell -2t} 72w~ (IV)9 v
8720 3M HCl £ 5mLE 7}8hat 287 E501
Ue gzt A §F $3& Eelsted Teflon
beakerol &3t} Teflon beaker®] -&of & Z71 34
71t} Teflon beakere]l HNO3 4mlL2} HCIO4 2mlE
Fhsba SurA £ AR e}, o)o] HNOs SmLE 718kt 5
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Rock Sample

Acid Digestion
| %IHNO:;*HCIOA(ZZZQ)

Dissolution
4M HC1

Solvent Extraction{(.5M TTA/Xylene) I

(Agq.) (Org. )
4M HC]
Back Extraction
(A?.) © (Org.) -->D
P

I Solvent Extraction(5% TOA/Xylene) l
{Aq.) (Org. }

| 4M HC1
<'—~“ Back Extraction

(Aq.) (Org. )
LY "8

.M HCL
Back Extraction

(AT. ) (Org.) --> D

Solvent Extraction{Xylene) i
L) (Org. )

3M HC1
Back Extraction

(Aq.) (Org.) --> D

Purification |-—- U Isotope
a-Spectr.
Acid Treatment
l HNO3+HC104(4: 2)
HNO3

Dissolution
5% HNOy

Fig. 1. Analytical procedure of uranium.

WA xA| ek 5% HNO3 49 SmLel e]i ICP/
AESE U$ AH=kgich

2.2.3. 0| The £& XN BHY(Fig. 2)

Us] elgyd o2 Re Th ¥ & 98] 2as ¥
A7) (1112 44<f¢f NH,OHE #~}sted pH 1
7~18 g o2 wrEc} 0.5M TTA £ 10mLE 7}
s 1587 e A¥e F 55 este v
I e §7] %0l 3M HCl €9 10mLE 7}tz 10+
2+ EE0] The JF2%c A¥e ¥ 575¢ ¥93)
of i 7zu7|(V)ell &2lch. A} e 7] (1) 9
$7) %o 3M HCl 49 5mL& 7}sta 582 £
Thg G328t} A8 F £3& Felsiy 3872
o) 7} (V)ell i), E824u7](V)el] xylene SmLE
Fpshar 2%z EECh AEY F F3E Y

N
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(Continued from Fig. 1)

Th Fraction

NHOH, pH 1.7-1.8

Solvent Extraction(0.5M TTA/Xylene)

D <-- (Aq.) {Org. )

|3MHC1

Back Extraction

{Aq.) (Org.) --> D

Solvent Extraction(Xylene)

(Aq.) (Org. )
l 3M HCl

Back Extraction

{Aq.) {Org.) -->D
R

Dry

-1 Purification |— Th Isotope
da-Spectr.

Acid Treatment
HNO3+HC10,(4: 2}
HNO;
Dissolution

5% HNO3

ICP/AES

Fig. 2. Analytical procedure of thorium.

Teflon beakerol] 2-&c}h Bz~ (V)e P& 47
o)) 3M HCl 49 5mLE 7}3}l3 183k £E] Th
A2t AHE2] F $£53& Eedted Teflon
beakerol] &3t} Teflon beaker?] §o4-& w7 2]
7tc}, Teflon beakers] HNO3 4mL2} HCIO; 2mLE
7}8} 5 S48 2471} o)6] HNO3 5mLE 715t 3
WA ZA7I). 5% HNO3 £ 5mlell o]i ICP/
AESZ Th& Aeiich

2.24. Cjg US| £&(*in Fig. 1)

UE o greala sle AAAE(KL) F2 U9

el A71e elg Us E=ladA & s8] 343
o}, A5 & F-¢ ¥ 35-E-& 4M HCl 94 9M HCL
fofol] 3t TTA $4o g FPMa 72
2%¥ Ust ThE 438 ol 4M HCI 49 Al OM
HCl £ & Ag8c} ole] £ o 2he Uk 4%
Wl 5% TOA %< ti4l 202 TOA #%4& A-g¥ct
F712 22 RE 4M HCl 89§ o4 A2 4
sl oo 0.3M HCl $9°2 d4p¥ o 5 3
v} whE-gtc)

2.2.5. Ug} FA|

A& F2] Usll it 2t S90S $4-8 9
8 £v322 HF ¥R U LSS A& 2 A
Agc) #HF Fo 49 Mg 32 JAFE Teflon
beakerol] #&te] FuAFA|Fcl. HeS04(1:1) £
3mLE hsha A zA 7}, 3] A s Fust
W dae] 2558 71ele] 0.25M £422 (M
t}. 917 leme} Eo) 15eme] o] AP H|(AG 1%
8, 200~400 mesh)& ¥ ¥kch. 0.25M HzS04 4948
2835 £941A @& YYAA FARLNE F
2px)71ch IM HzS04 49} 50mLE U& &3t
beakero] Xt} ZWAxA7 F AAupAd EFAY
£ 2L 95t 29y

2.2.6. The] Bx|

AR Z¢] Thel A& A FHEE 34 &
& 2ui3ez AF H§ Th 498 54
2 AHAAY) AF: Pesd A% S JAGE
Teflon beakerel] #H3s}e] ¢ 2X]0 . HNO3 5mL
g 783 2R 227 F 9M HNO3 49 0mLE
A28 =2t} 217 lem¢} Fol 15cme] o] & LHHE
2JF(AG 1x8, 100~200 mesh)& ZriRlct IM
HNO; 818 $¥3) B9A1A Feldg A2 F
A g2 F2AR 9M HNOs £ 60mLE %3¢
A7 Ba)ag Mo Frt. ole] 10M HCI -89 150mL
& 2327 The 42 3}3 beakerdl] Bt} S 2
A7 F Al 9194 24 S Ashe] Xl

2.27. M BT EY

U} Th Hel oo dapdy-FiE At Az
celle} Fule} it 9 AR FEHE FA4 F
Wol] Fatgdch® A WA R F2] Ush The) AhdAA
2ol o3t GGAAEFEA ] 4 A|ek4 Ust Th
Zb2} 10pg & o)8-3te] Aetn BEAULS dfds
H e dgcl v]x] A8 Kl K224E Fe] 2
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A% Ust Th 247+ U & v e = Aastedct

3.d5 o o

i1 BEEYY 2o vgl Th 228"

Tuble 20+ REUA S 7] Whe2 UE #2%
* AeFgt ZsHUMD) 8} 8 F 7FA Al A 2o}
Helubygeo g Felg F ICP/AESZ A3 #Hs)
(U-M2'4~162} U-M318), wla}a] -4 Ql XA & 344
off 213 AP gl NIST Falzh-& Vel g
glate] AAE b F /HR Al BA A P v
&+ g A}

U-M2 : A8 (HF +HNO3+Hz804) ~ 718]-8(D
TPA+NaClO4)— pH(3.5) &4 (d-NaOH-+d-HCIO4)
— &0 %2(TC /benzyl ale.) — 932 (1M HNO3)
— Abx} 2] (HNO3+HCIO4) — #3(5% HNO3) ~ 1
CP/AES,

U-M3 : A8l (HF+HNOz+ HCIOy) — 71e]2(C
DTA+HCI) — pH(4.6) =% (phthalate buffer) —
A (1% PAN /acetone) —<4 H(0.45.m) — 732 (500
¢) — 242 (HNO3+H280, HNOs+HCIOs, HN
03) — 481 (5% HNO3) — ICP/AES.

U-M2e ¥el§h U A|8& ICP/AESE Autsl=
A e Bug iﬁt} o] A= AR F
F8 g W G EF A7} sk Rel s o
& AL s 7o 1M HNOJ % o} o 7 o 353}
100% 7t PPs st et AEelEel 4 Rk

245 A% ek P 311

o} U-M34| 213 A% A= NIST Fdatect #4)
vebdh FAEE 3 AAAE sl o b
AANAH A g3 A% dafstach deby A
G4 vl oA AR ES St AA s 2
o] W a3}sdrt.

E Al UM A 85§ A ¥ TTA,
TOA % xylene& o] 48l Al 52 oz F3Feg 4
Fholc}, 33 AYAN B 493ppm o Ve o,
e 100%2] $el5§8 4o o) Aai= NIST ¥
Azkeh w2 of 7.6%<] AL AE el nla)
) A XA &3EA A3H(4.72ppm) P} viss}
s}, o] ub-e- U R 2Y-E ALH oA e
UE Hel5lal o]o] Th% Fele - 3ok wpebA njk
2] Us} ThE A&3] FAlol ¥ % Asgd 5 928
2 Us} Th Z2hg i e ¥ Aekste g ec &
A ez g

Table 30l = 2GS A7) vl 22 ThE Heit
F Aekgt Aa(Th-M1) & v E 98 ofefiol Wy
o g AgAxe W AL F ICP/AESE A
3 43}H(Th-M2)¥, visls) §-Ael XAl 384 3
3 =2 NIST F-a13h8 &4 vehliglch

Th-M2 : L8381 (H2804+HF, HF) —731(5007)
—~ 84 (NapCO3+LigB40,, 1000C) =AM el (HF, H
NO3) — goleastazvlE 1209 (Dowex 1Xx8)—
22](1.5M HCL, 3M HCI) -4 2] (HNO3) — &3,
(5% HNO3) — ICP/ AES.

Th-M2 W] o2 ¥2]§ Th A 88 ICP/AESE

Table 2. Analytical data of U in NIST SRM 278 rock standard

Element Sample Reported (ppm) Found(ppm) Difference
NIST XRF ICP/AES (%)
SRM 4.58+0.04 4.72+0.39 3.1
U U-M1 493402 7.6
U-M2 5.25+05 14.6
U-M3 595408 29.9
Table 3. Analytical data of Th in NIST SRM 278 rock standard
Element Sample Reported (ppm) Found(ppm) Difference
NIST XRF ICP/AES (%)
SRM 124+0.3 1294112 4.0
Th Th-M1 12.2+40.5 1.6
Th-M2 9.0+14 274

Vol. 10, No. 5, 1997
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ksl FgolA B BRE Her) olRAL
el g-gol A AREN Fo 4542162 Nasg}
Lio] 1gA|e] folemgbelz shy Fe)al A==
dsly) wWEog Az wel o] WS £48
g AF3AY o] e} fof ol % ¥-8)
HA g A S T ARE d& leg Add
o}, & B-Aubql Th-M1& ThE TTA, TOA ¥ xy-
lene g ol &ste] AEH o F2Eelg Hspolr) 3
3] AP APAAE Holi e 100% Felrd
< xqvh AgAs(12.2ppm)E NIST FAga v
A8k & wf 1.6%2] A AL Ve ¢l.ow, Bl 35
FA ol XAl #3384 A3H(12.9ppm) I E vsstg]
choo] v e QA4 oA SEEE Y ANEE N
US #9% ¥ 943 o2 ThE ¥ 5 9oz
2 A% BA488E 5 ole - ok

3.2, O|X] Al Z2] US} Th £2]

EEYH 2 U The A%H 342 Eolg 4
719 W& 289 WAL AAAR(KIS K2) F9
Ust Th £l A8 Bgkrt o] N gES Flo &
A v s 2 Apup Ak 34 (INAA) 2.2 Ut The
A egt A} obel o} o} vieldet.

Sample Found(ppm)
U Th
K1 2.35+£0.43 41.97+3.19
K2 629483.13 38.18:+8.06

U g=o] 4L Kl AlRE S5z A3l A giss
N Az} F-3A e ofg 2~3u) F A ol
Ud 3t K2 A8 1gd #Hsla 4719 9= U
2] o2 US Felstgct A48 340 o
tiede] Ug ¥=l8t 48 44 2okg o Uy 3}
& 3582 94.5%% o}

F. L. Moore®*® Z-2 U2] FZo) oj2] 714} ofyl
F2AE oj&slden oEH(F mg)el UE TI
OA/xylene2 2 4% o F2%& U ofo] B&
E xylened ol UE X33l xhale] o) 34
I B & Foodie AE2del Ae] Mg
Tt o)t AL oh&e 1 W, & 1)
T%9 HCl % %7} 2) %l acetone H7}, 3)
xylene®t} FAJo] & Bvf A}4, 4) xylene %]
TIOA % 571 5ol <8 w2 5 gl & I+
Mz M HCl £o2 83 o HF&slw 20%
TOA g 22 F239& o cheke] Ul os) 47
= A 3SR 5 o

125 ¢t

238
U
23415

TN | O S

0.0
7000

8600

7800

9400

10200 11000 11800

Channel

Fig. 3. Alpha spectra of uranium fraction of unknown sample K2 after chemical separation.
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3.3. U9} Thef FH|
dopdeFEMoez Ust Th9—l A ALALY F N Y
AE ZQsed F 420 5% 271 ol FojAok
i, ?1 o8 & da i%‘—a e 2A ¢gx
BAE A &5 A7AFLAE Fu)shor &
. McCabe $%¢ AN 828 U The B34
o2 FEslom g OhE A2t AT AT A
NAAEEE AT ZF2A0TE A H A

B QoM 2% Ust ThE AFAskA ek
ANAAELE | AP RFEA ] Erbsstdoh

o)L #e B Foll Fe ol BEstod 7ty of
Follen, Frt2 Fol2ugelE 3o YAIA
th Ul A9 #2828 §948 ojx@ialwyd
A 0.25M HoSOy 842 g Fedt Al 5& 4247 A
A& IM HpS04 8oz Ug %d g9tk The
A FERAT §AL ojagFAAFM oM
HNO; 8408 UstFe 59 B8 £847 AA
83 10M HCl €922 Thg &2t 4A §F
o] 7t gL YFNEFRA Foll VUL ol &
kc}, 50000% <t AZ&E o U The) ¢rahd
A ;g] A= @ o= '!?"3 234U. ZSSU’ ZZSTh, 20Th 1;1 2327 9]

24 0 AU

5348 A% A e 313

g4 9 3E HAE 5 AR Fig. 37 4).

4.9 B

A AR &E EAHHF, HNO;, HCIOg) o 2 ApA B
# 3t vlgke] U9 ThE TTA/ xylene® TOA/ xy-
lene F&AF o] &3l AFHoH 32 Felele )
W2 5 A8 Ugl ThE FA1o 43 e 9
=g 4 ol AAHE 7o Ok UE 293t
AHAR Fo U E2& 22718 o7} w43l
2% 4 slch 2% 213 U} ThE o] Laghie
2 Az oA B3-S sh zpadaba E4

Qg 3AHY 4 AUt
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Fig. 4. Alpha spectra of thorium fraction of unknown sample K2 after chemical separation.
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