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Determination of ppt to ppb levels of U and Th in reference materials of silicon dioxide
and Al has been carried out by radiochemical neutron activation analysis (RNAA) using
liquid-liquid extraction with thenoyltrifluoroacetone (TTA). Samples, (0.1 to 0.5g)
together with U-Th standard samples were irradiated in JRR-4 or JRR-3M at a thermal
neutron flux of (5.5 or 12) %10 necm ™2 57! for 6.0 h. After cooling for more than I
day, the samples were dissolved with hydrofluoric acid for silicon dioxide and hydrochlor-
ic acid for Al, and the resulting solutions were finally adjusted to 1 M hydrochloric acid
solutions. Neptunium-239 and 233pa were extracted from the solutions with 0.5 M
TTA-xylene. The **Np and ?**Pa were back-extracted with 10 M nitric acid and 5 M
sulfuric acid, successively, and their 7-ray spectra were measured with a Ge detector.
Some of the U samples were determined by correcting for the chemical yield of 9Np us-
ing 'Np as a tracer. In other cases, U and Th were determined using calibration
curves obtained by a procedure similar to that used for the U-Th standard samples.
Analytical results for U and Th in the silicon dioxide materials agreed to within £20%
of the certified values, while in the Al materials, the results were 6.4 to 13% lower for U
and 16 to 17% higher for Th, than the certified values. The detection limits for U and
Th were 12 (U) and 76 (Th) pg/g in silicon dioxide and 11 (U) and 45 (Th) pg/g in Al

Keywords : determination of U and Th; ppt to ppb level; reference materials of silicon
dioxide and Al; radiochemical NAA; thenoyltrifluoroacetone liquid-liquid ex-
taction; **Np and ***Pa.
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MS) T & RS E S (NAA) Y TS & B UL
ST,

NAA I, BROMELVbEL, ERIPEATOLS
LEMmH, TOLDBEEMEOSIICEL TEY, o
NETICLHBELAHAEINTE/. U & Th ® NAA &
LT, (n, 7) RIGLEZEDHKD B~ EETHEKT 5
BONp CREUH: 2.355d, U E&M) & PPPa (PEREUH:
27.0d, ThEBH) Oy MRERET 2 FEI L
BWTHDH. NAAIKBWLWT, (LESEEAE YD S OEERRP
T RSHE SR (INAA) T, **Na HEO¥EIC &
Voppt LAVD U & Th OEBIRETH Y, *Np
& Bpa B RS LR EE S B B LR TR L S i
B (RNAA) ICE V53 & fT-72. U & Th ® RNAA
EUTEA A v a5 Hsy BEEED J% OV - i i o g i)
EHOVWBHEMNINETHESNTHY, EH S, T
JANKN) T NATT by (TTA) #-RHHS B
EHVD RNAAYVIZ LD, T b DEEWE DS % T
o fz. X, RNAA T HNERBOFWEPREDH
WEm 2z, ocuaBeEsoaEc ' Np 2 b
L—H—& UTHIMU THEENERMIEZ 75 Ik -
TH U ZIEELT.

2+1 RERUEKE

U BEHIER (9449 mgU/g KIBK) . &8 U BER
K JAERI-U4 2 ED st Ty Fv 7L, #
Bt 09987 ¢ ZBUELY, WRIHAEE 15 ml ZINA INEE
AL, 0.1M BT 100ml IZHFREZEOLH>EBLL. &
DOEWAEEIZ 0.1 M BB THERL, —BOEERIKE
L 7.

Th AW (1.122 mgTh/g KIBWK) - BEHRD & Ak
CEAL Y Y A (ZHERER) Ao U

BINp SR (0.74, 3.7 kBq®'Np/ml): *'Np D3
M HWSEEIA R (370 kBq®'Np/ml) ZFIT 1 M IEMARK
TERLUTCHEHLZ.

U-Th Z# & K (U: 0.047~048 ug, Th: 0.057~
058ug): U & Th HHEARKAZREL THB LT U-Th
EUERR (U 0.4859~47.82 -Th 0.5766~56.74 ug/g 7K
VAWR) 50~100ul A2 FREEICEOIY, BH L LBEE
e U '

YA ba X —4F—: GefitHEri%, 1) Gamma-
X # ORTEC GMX-20190-P & (#% & <1 & 51.2 mm
$X47.2 mm, LA NVF¥—SREE 1.70keV, HERHZ)
#E 921.1%), KU 2) Gamma-X # ORTEC GMX-
30190 B (#5541 53.7 mm ¢X63.0 mm, T4V ¥ —
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SYHERAE 1.83 keV, MWDK 30.7%) 2HL, <

FF ¥ v ANVT T T 4F —1% Cannbera B 9503 % i
JAL 72, Ge BHIERE, 77 ) VEBSRIGREH /N~ (F
X lmm) ZSETHEBLL. X, y#Sy 7757
Y REERIEB20, Ge RIHEIEE “©27 » o
[E U 728 &l Oz L 0L L TER L 2.

2+2 TRIE

Aok (0.1~05¢) AFEHEICHAL, & ki
JRR-48-734 7" (BT HR 55X10% nem™ s ") X
(¥ JRR-3M HR-1 (BRHETHR 1.2X10" nem *s™ 1)
T 6.0 BRI TIEK 2T 72, BHr o 1 QFESH
a2z LY L, Al KB, 4M IR TR Z
1—4% Ty F 270, K, Tt by TCHhRiREERs ¢
O&HBULIL. THLT A FEBE Ly F Y I ROBER
BUEARTTD L o . PNp DEIERBITE D 120 —~ERO
AEHC PINp BEERARINL, (L¥ESM AT 1.
INp INE X, U 0.1ng/g LNVILFOREITIE 7.4
Bq MU Zh L LDOBREDHMTIL 37Bq & L. T8
b7 4 #Falkh, AL, B7 v (bKEBY S
ml 24, IMBGAR L. BRARICA F VYL
3= A (ZrOCly 8H,0) 50mg & (1+1) FifE 2 ml
A, FEPSHLETIRL, 7 v LKA ZREL
fo. BREHARIC TM 7 v ESTAKEMA, KE(LY L
aZ Y LRSS, KTHBOREZK 30m &L
B A E OB, A 30ml $oDKT 3 [EIBE
Lotk BRIEEE Sml ISR L. BBEA Y BT
L— b EThsdgiEsg, Ao L oERBEEL 2. ALK
BhE, 4 M IEEE X IXRIERE & B & TINEAR L,
MEHARAZ Ay N7 L — b LTEBREL 2, Kal
TEREEE L. BEr4AZR0 ALFEIZO0T,
FROBETH SN ERREEY 2R 0 1 M Hl
IC &k BBMBLIEDRIEE TV, PNp & *PPa 2B
fz. PNp ZWHH U7z 10 M REEATR L T A BB
M (25 mm¢) IKEFEEEL, *®pPa 28 L7 5M
RS VAW S I RE B E AL ASE (R T L vl
49.5 mm ¢ X 74.0 mmh X 1 36.6 mm ¢X52.4 mmh)
BL, Ge REBOKREN /- LIEE &, 1000~
200000 FVRE ¢ A7 MV ABIE L 2.

B L7 U-Th ZHEREHL, iU TR Y-
h—ilBL, REERNELZ IMEBTEHEERLL. B
Hi L 7z U-Th BRI Bty 4 ZRB O O5
BITEAF LY VI =T A 50mg, Al RBOHE
1213 Al IR (Al 10 mg/ml) 5ml Z&INL T, #BEM
BICEREL T 2Np & *%pa 2500 - BIE L 72,
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(a) &5 U & Th OEEFEREZ Table 1 (TRF. Fig. |
x2 <2 (a) BT Table | H1 U 25 W Tk, R EIEF O
0.10 106 228 239Np PN ZIRMULZBEERMUBVIBED r AT b
I 239Np L VEZDERMBAERY. U777 a3 viicix, £
" -2393Np 0p 2782%Np B TUBREL F a0 PNa CREM: 14659h) 2iE
g " 108 KT leds ENTHD, BABHOEILD, 227 b Y BELS
g i 237NP KBEHMLANUSEE TS, UDEBICHT,
S 0.05F P"‘ X-ray) el BN bt
o 'Np #ERMOHK <L 106, 228, 278keV ¥ — 712 &
§ Thots bei BIE B 3.9% LIPT-—8 L 125, PNp £FML 1
s Lop o B e, PNp DI 2Pa ® 108keV K-X %
(Kg) E—7MRRHIN, 106keV DE—7 I L BER
O.OO-W;W" e fiid 228, 278keV L LB HLVEWEE Lo/, 20
100 105 225 230 275 280 & s PNp BEMOEE T 106, 228, 278 keV
Gamma-ray energy/keV D3IRDE—7 ZFHEHL, *'Np B T3 228 &
278keV DY —~ 7 ZEBICHEA L 2. Th TEDOBA,
(b) Wy 750y B2 bR B3Py D 98 keV K-X
0.010 X2 UK E— 27 EFERCIALF—DE— 2 558
L BHHMN, 98keV K~ 71T L BEBMIX, 312keV ¥ —
98233Pa 312233Pa JIZkDERBMBLOBVEE L7, X, 312keV 74§
2 { [ | ¥—27 0 SN [l 98keV &0 k% <, HHERHEL
: LY o ﬂ SEMG, Th OERIE 312keV 7 Y~ 7 &I L
B 0.005 PVNAY ; o .
g L
Q
© " 3.2 LR
i AEED Np & Pa OILFULRIZ, BE X IZERHE DR
om{ 1 o . BT, *Np & 2¥pa ZEMUSHBRIEETL, 201
' 95 100 % 310 315 FWE R R 12, BEHE SO PNp OTIE I,
Gamma-ray energy/keV Np DEBRNOEEEPNS T B0, PO U
X : BEELVANMIZED 74 RV 37Bq EEfLa g, B5
the analysis of Al (JAC-0023) (n=5) Pa 82.6, 77.6% TdH~12. X, Al &AETIEz
(a) U (Np) fraction: &, Al with added **’Np and NET Np98E1%, Pa90+05% EWVHEMFFELNT
cooled for 30.9 h; O, Al without added **’Np and VWYY, SRIOFE TIE Np 45 89.7£2.5% (n=ll)

cooled for 42.4 h; 4, background; (b) Th (Pa) frac-

~ > EXlivas e B3 /j\
tion: O, Al; @, background SEVBEE &5 7o, LIRS £ B ERBRE L HY

Az, ¥'Np FV—#—%Y%"&)JDL?‘:S&QMkOL\'CLi,

87keV ¥y M2V Z DILFYNRFEZIT->-TEEL 12,

) X, bL—H—EAMOFBOSIFICHNTIE, U-Th

3 BRRUTE BHEERHC Zr (14 mg) X AL(50 mg) Z¥RIIUL TERE

3.1 ERA r BE—-OKE EFABEDILESHRIEAITV, BoNBREBHEZERL

"Np & *PPa OHT 5 y MO 5, WHROKE  TEBLL. X, UDEBIHVT, LENRBIE L

7z *Np: 106, 228, 278keV, **Pa: 98, 312keV 7 #  TR&72fHE, U-Th EEEREHZ 5O TE UILE5 MR

IZ20WT, EBICFERAT S r ME—7 OB #T- 172, B2 LTHELSNIEIE, £10% DINT—8 L. &L

AL BEH (JAC-0023) OSTTHELSNZ U (PNp) & FRIEOWRIHBHE, BE—FE20T, PRHIE

Th Pa) 7573 avD y BARZ bNENY 27 O ML —H—2FHALEL CHHHEROB I 2152
TRy BARY MVE Fig. 112, XK rBE—7 NELINHEDERDbDN S,
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Table 1

KAGAKU

Vol. 45 (1996)

Examination of gamma-ray peaks for determination of U and Th

U determined/ng g~

1 1

Th determined/ng g~

Neutron irradation: 5.5X10” ncm™2s7", 6h; Ge
detector: relative efficiency of 21% (for silicon diox-
ide) and 30.7% (for Al); Measurement time: 40000
~100000 s; Detection limit: 3 ¢ of baseline counts

33 MRHBR

RE LD THILTARRKRO ALEBFD U & Th
ORHRF z sk . MERR L, —BEr4AEZRO
ALEBI P 5B ONI y |ANRZ FLIZOVT, & 14
E— 7B ONR-25 4 VA BBEOEEREZED 3 £
(B0) 2~ OKRHRRE UTEH UK. Bonik
R% Table 2 IZRY. T, ZELr 4 ZRC Al EE
RO L Z W 2 WEXEIR 21, 30.7% D Ge #&
HEBILLBHDTH S, Uik, *Np 106keV ¥ — 7 78
RORHRFPE LS, BT 4 ZHER T3 12 pe/e,
Al FHB T 11 pg/g TH 72, X, 2Pa 312keV ¥ —
7> 5KRD 1z Th ORRHIRF L, “BALT 4 £HK 76
pg/g, Al 8K} 45 pg/g TH -1z, HHS1Z RNAA IZ &
0, ZEAbT 4 FEBFY U 3pg/g, Th 6pg/g K
Al BB U 2 pg/g, Th 8pg/g &AM & U E VO
RFMEZHREL TV A, Ko, TR EIEEES

106 keV 228 keV 278 keV 98 keV 312 keV
With added *'Np
0.0810 0.0950 0.0979 — —
0.0701 0.0861 0.0882 —
Av. 0.0756 0.0906 0.0931
Without **'Np
0.0842 0.0822 0.0907 0.179 0.109
0.0887 0.0725 0.0812 0.144 0.103
0.0860 0.0899 0.0826 0.130 0.133
0.0785 0.0826 0.0985 0.203 0.0946
Av. 0.0844 0.0818 0.0883 0.164 0.110
7-Ray intensity, % 22.7 10.7 14.2 16 36
Sample: Al (JAC-0023)
Table 2 Detection limits for U and Th DHEED 9~17 L0, HBEBEHN 1/4, X 1
- T RHEBOMMRIEE LK 1/2 LI, WK ORI
U/pgg Th/pg g . N . :
Sample Amount/ — MORMEEZRET S L, MEORBEREHEMF 33
g 106 228 278 312 HE) 1y - L pish o ks T ot
keV  keV  kev eV FLNIEMNNE. REORHRFEMSEES O H k&
DEBVREE U TR, BIREF 5 B O BRuiE N O L
Silicon dioxide . BIE SO OB R DI 52 2 51 2
JAC-0013 029 12 38 35 76 ROKERD RSB OB 0 AOND.
Aluminum X, NAA DA OEANEE RO ICP-FN DDk
JAC-0023 0.34 1 29 24 5 (ICP-AES) 12k % Ta 1> U & Th ORHBR ',

U 500 pg/g (BOEOEEEEE), Th 2000 pg/g (ICP-AES)
ERFELOBVEHEL >TWVS, X, ICP-MS (CH W0
T, A7 74 -KILEICEO TidA U, Th &4 50
pe/g” R BB G LIEIC LV Si, SO, B U, Th &b
0.1 pg/g" ERBELAED S U< 13 & VIEVELSHE X
nTuns,

34 BREDHEOPFHER

RIRIC KB TR 4 BRO Al EEYE OSHTEER
& ICP-MS IZ & 55 Wi RICE-S WV 12383FE % Table
3ITRY. TEIES A REBOSFERIE, U KU Th
EHRAEEE £20% DN T—B U7 TEbr 4 %38
Bo~4 HOEBBEOEEIEIL, JAC-0012 D Th %
BREZIZFEEDL8.1% LR TH - 1.

Al BEEYEH ORI, U, Th & & R
E+20% LRAT—HULTV5EH, UDBETITFE LY
6.4~13% &<, Th ODEFEIIFRAMEED 16~17% B0
BEzorz. X, Al EEHEOSHENICIT - 72 Al $Lil
ABOSIFER S E D 21 HBID ERBED T & sk
U758, Uk 11% &<, Th 13 36% BSWEE 5 -
72, REICK D ALEE 3~11 HOERBOLENE L
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Table 3 Analytical results for silicon dioxide and aluminum reference materials

U content/ng g~ "

Th content/ng g™’

Sample
This method (Av.) Certified value This method (Av.) Certified value
Silicon dioxide
JAC-0011 8.66, 8.44, 8.71  8.60 9.4 04 8.78, 9.49 9.14 8.7 £0.9
JAC-0012 0.880,0.968,0.981  0.943 1.0 £0.1 1.25, 0.783 1.02 0.85+0.14
JAC-0013 0.135 +0.011 0.1240.02 0.261, 0.238, 0.249  0.249 0.21%0.18
(n=4)
Aluminum
JAC-0021 496 =£0.19 5.5 +£0.8 114 +0.2 98 +1.7
(n=5) (n=4)
(5.07 £0.17)¥ (14.3 £1.3)¥
(n=6) (n=9)
(11.6, 11.1 11.4)"
JAC-0022 0.936 £0.090 1.0 0.1 1.99 0.15 1.7 £0.4
(n=5) (n=4)
(0.920 +0.031)% (2.42 £0.18)%
(n=6) (n=9)
(2.19, 1.65, 1.92  1.92)®
JAC-0023 (0.0866 £0.0053) ™ 0.10+0.01 (0.116£0.025)% 0.086+0.037
(n=6) (n=11)
Common (0.142 £0.010)* (2.03, 2.00, 1.84  1.96)% -
sample (n=6)

a) Determined using the calibration curve obtained without addition of Al in the U-Th standard samples.

b) Determined by INAA.

BED £2~22% TH -1z,

REIC &5 Al BEYEEO S ITER L, REEEIC
N U OBE& &<, Th OBEEEWEE 2 » 255,
CORRELT, 1) AR U EERK O L
x, 9) EERBEO U, Th OFH, 3) KEICHTS
B EREARE O P Np RO PPa DILFEPNE DR
—HENEZOND, DI, 1) OEEBKIZEL
Tid, REOEERRKRE ICP-MS OEEZHEHRD U &
Th BEZINAA LKV EBULRUALHR, UT
13+53%, Th Tx£3.1% IAT—-E LK. X, 2) &
BRI DT 2550, ay FEEORLZHEIZD
WTAESE ICP- MS'ICE U L2452, U, Th &
£+9.0% INT—E L. B, 3) 220 T{EES
HAITH 20 INAA RO U-Th EEERHC Al 2450
RIZBRIN T4 L 72 RNAA OREREZ LB LU .
INAA (245 U, Th BEMEL JAC-0021 & JAC-
0022 D Th OEEE L, U-Th ZHEHEEHT Al 25100
UTHH LT RNAA OEBEEBV—HEZRL T,
X, U-Th ZE#EHEIZ Al 200U 72356 S &SINTH
B L 72BED RNAA OFEEIE, U DHEL22% L
NTO—HABoNzW, Th OHBE Al ZRML 72
RNAA D32 PERMDBE LD 18~20% BV EE &

St TR, Al BERINTILESBBIEERIT- 1255
2, ALTRINOBA L0 b P%pa OIEZENESE V2
BEEZHNS. KEICED Al EHEYE DO U, Th
DEBM@EE ICP-MS I LAEEBMEAERE UERMEE
DEDFERIIAHTH 5.

KA EFHIICHIZVELDOIHEL B EVRLED
fz, BB LEAFFEHBRBRRO B Vv Sv 2+ I —
Sty vy —hfit BEICEBT 5. X, FBodhitF
EHC ZHHh Vv, ARRETF AT RO
%RHF BT 5,

1994 4E 7 H, % 31 M LFIIBII 5
FEPNITCERRRESITB OV T—BRE

X 79

1) FHEER]: £ 54 Mo LEHRIFBHERESE,
p. 755(1993).

2) FFHEERE], B ¥, NINBK, FFEZ, Fa
Bk 56 MAMLENREBHRESE, p.
313(1995).

3) FEkE—, AR % KE & NESET,
B E: 91t (Bunseki Kagaku), 37, 25
(1988).

4) MAkFHR, FFEZ, SHR—: 5%
(Bunseki Kagaku), 38, T21 (1989).
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6) Iﬁz] tH G T,

7)

8) 7

BUNSEKI KAGAKU Vol. 45 (1996)
HER, MR B, HUKTER: O DAL (Bunseki Kagaku), 37, 7(1988).
(Bunseki Kagaku), 42, T19(1993). 9) HAEF NP - MR ES T EES:
- BE ] 9 BT 1L % (Bunseki JAERI-M 5343(1973).
, 40, 549(1991). 10) FEABR R HEH, HIE®: 8 &8, 77,
o PR EL S M AL ¥ (Bunseki 1929(1991) .
, 42,249(1993). 1 e 5 RAE (1995).

, B THE, vEE, bk &

= g

LR THE LI (RNAA) 120, (LT 4 #RO Al EEMEFROBME U & Th
DEEZ{T- 712, B E U-Th R 2 BT (JRR-4 31& JRR-3M) THRS®K, 7 /4L 7
vAa 7T b Y (TTA) B-BIHEIC LY P Np & PPa 2958EL, 20 y AT MVBAIEICED
U&ThZERLL UBRHELLERIC ®Np 2 b L—%—& LTEHRMU, DL ERGHIE% T
IFEIL L > THERB UL, KIS K HERM & KEHEYE OFRAHE & % L8 L 1458, ’“Ei%{t’f%s‘?s
ff@@% (T U, Th &6 £20% DN T—8 U, Al EEME T, KEOEEMEIIEIMMEEY U
5 64~13% K<, Th OHEIE 16~17% BWHEE S - 12, REOKRHIRFR I, ,#Efﬁ{mﬁﬁ‘%
HEYET U 12, Th 76 pg/g RO Al FHEME T U 11, Th 45 pg/g TH - 12.
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