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A Study on Chemical Separation of 55Fe, 59Ni, 63Ni, “Sr and *Nb
in Boric Acid Matrix
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Abstract

Several radionuclides are considered as an object of the assesment to develop a
scaling factor and a periodical verification method which are needed for the evaluation
of radionuclide inventory of concentration bottoms from nuclear power plants in Korea.
A selective separation of 55Fe, 59Ni, 63Ni, PSr and *Nb which should be recovered
individually for the radioactivity measurement was described in detail. Sorption and
desorption behaviours of ion exchange and extraction chromatographic resins for Fe,
Ni, Sr, Nb and co-existing metal ions in boric acid matrix were investigated using
simulated concentration bottom dissolved solutions. Separation conditions available for
the sequential recovery of the metal ions from a single sample were optimized to
minimize a discharge of radioactive wastes produced through the analytical process
and the radiation exposure to analysts. Their recovery yields were measured with
reliability.
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TS SHs] AFe FEole FEE 457 st Ae dAES FAle &
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Ao AFEH EE AR A AokH o R AASA &oko
= Milli-Q plus Ultra Pure Water System (Millipore)oll E3A171 AL AL-g&3$ith #HA}
5 HAH gstxAdo]l FAREE B #Hols AR f1dte] SARE Hell SpexAld
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A3l Fe, Ni % Sro] 100 pg® =128]3 Ca, Mg, Al, Zn, Cr, Pb, Cd, Mo, Mn, Cu, Ti,
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welw 2 M HFZ Fe® 253t sHgel = @71 &892 st Nbe A7
7] gl g2 Sol2udtex Bel#e AFEste 3 M HCI/20% HF w24 Nb
EAA7)3 Fe, Cd 2@ Ug &£2A7]= e Aastart

Fe, Cd ¥ U% %#3FaL 2l 3 M HCI/20% HF &8s wds o}aﬁoﬂﬂ Zur7
I 3 1 mLe 8 M HNO3 .2 §38A]7]22 TRU spec. ¥&l@eo] ¥& % 10 mLe 8 M

to S wo

HNOs& BHAA CdS AAsE ASsA 10 Mle] 2 M HNO3S =8 ¥o] Fes AHE
qow wol, N4T + AU SOl LTBFAMOZRE TRU spec $F LzohE1d

g 7kA o] el HA oA 100 ugel Fe 3l4&2 1035%°low AdlzsdHA= 0.1%°]3
t} (Table 2).

3.1.2. Sr +3 2 3

Sr. spec2 8 M HNOsdl A% Sr¥t <bgst z2&ES dAdT 4 A& bis-t-butyl-cis—
dicyclohexano-18-crown-65 taAdFA o A7l F&5 AZRvlE 2y EdozA
8 M HNO; wj oA ZES dAstA &+ Ni, Ca, Mg, Al, Cu, Mn, Cr ¥ Ces AAZT
T At Fe #8344 Ni, Ca, Mg, Al, Cu, Mn, Cr, Ce ‘%l Pb3} A Sro AHFH o
= 348 10 M HCl &89S Mds ool s & 1 mLe 8 M HNO;2. &
£33k o} Sr spec. EE] T A EYAEFE AT 20 mLA 0.05 M HNOzCS. & Sr
= AEgH oz 49, 3+ F dRen Fed FEABo2ZRYH AlZste] 100 wgdl Sr
3 4&2 972% 283 AU ETHAE 3.4%°] Atk (Table 2).
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3.1.3. Ni +3 2 3%

Sr #2334 A Ca, Mg, Al, Cu, Mn, Cr, Ce, Zr, Ti @ Nb¥} &7 Nig& HAHEFH o7
3|93 8 M HNOs &2 s WIS ofgfoll A S as $ 25 mLe 1 M HCI# 1 mL
2] 1 M NHy-citrate® €372 1 M NH,OHE A}-&3te] &9 pHE 9= =43 v}
£ Ni-spec. = AZvtEady @ A5 S AT Ni - spec. pH 8-9
oA Nizt otA3 &S FAT 4 A+ dimethylglyoximes 3 FAo HaA1z2l A
o7 HFES AR ¥E Ca, Mg, Al Mn, Cr, Ce, Zr, Ti @ NbOo =R E e g7}
7bsetth, 2y Nig AASE 5402 AF83 Ni-spec 5% A=Zvt1#d9] E23S o
Fog F&ol2Ed ek F3 A APS TP A Fig. 2014 ¢ Zo] 3 M HNOsS
2 Nig &gA71= FAHAA Curt 34 &4, 3slaES A3

80% acetone/20% 3 M HCIwj Aol A Cuoll ™3t %ol 2n k=% o] FujA =7} 1K}
k& Ba] Niol tigh EajAls7F g & 52 5SS ol &t ol2ugFAHS A
&3t NizHE Cus E‘E]/\]ﬂﬂi st Fig. 39149k 7o) 80% acetone/20% 3 M
HCIe 2 CuE AA%E % 10 M HCleZ Ni Ca, Mg, Al, Mn, Cr, Ce, Zr, Ti @ Nb3}
A E4E 4 AT o] SEAS MNAG ofel FEHD F F 25 mLe 1 M
HC1Z 1 mLe 1 M NH—citrate® £3A/7]22 1 M NH,OHE A}&3}o] €99 pHE 9

2 %438 S Ni-spec. 7% AZnETgd Eg oA Nig delx oz Ha 343
F A= #$A4S Fig. 4°] YR Table 39149 7o) 100~500 pg HY o Nig A
groz g4 = A

3.2. B4t wjd A Nbe £z



KX
FHow R 35y l Ho}O% 1 Q A2 2o A 5-H
° = QrSo] BgAo AAL AR S
Nb—e— Ao wjde A #a, 3o
S 3IAA AAT 5 Ao
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Fe, Ni, Sr @ Nbo] 100 pg 1?4 Ca, Mg, Al, Zn, Cr, Pb, Cd, Mo, Mn, Cu, Ti,
Zr 2 Uo] z+zb 10 pg® dfHo] 9= 3 M HCI/20% HF €389 1 mLE FAH7] 7
2 A (Syringe filter, 0.45 pm, Waters)i Az231 A &9 08 mLE Nb & & ol
WA BEgdo] ¥t 20 mLe 3 M HCl/20% HF £34tSs Yol NbS EF&A7]aL
0 Fe Ni, Sr, Ca, Mg, Al, Cr, Pb, Mo, Mn, Cu, Ti, Zr @ U< AAT t}& 7.2%
NH,CI/4.08 M HCI/11.6 M HF &4’o & 7n¢}l Cd %5 A A8 %

ZF Zn 2@ CdoZHE Nd& ﬁﬂmo,e_ By, 3437 ¢8te] Nb, Zn 2 Cde] 3
5o = 5 M HNO3/02 M HF €&d4E& A5 ol Fddxmst & 1 mLe 1
M HF/0.1 M HNO; &3ato = %oﬂ/ﬂ%ﬂ o5 ol 344 TFJJ&OM %FAH%—;— z=
Abgl A3 20 mLe] 1 M HF/0.1 M HNO3z& F3AA ZHF Zn % Cds AASL 10
mLe 5 M HNOy02 M HFSZ Nbg £, 33 5 3t 100 ug Nbeo| 34&&
100.3% 223 A EFAA}E 0.3%°] At (Table 2).
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Table 1. Recovery yield of Ni, Fe and Sr from boric

acid matrix

Element Sample No. Added, g Found, ug AV. ug Recovery, % RSD. %
1 249.5 101.0
Ni 2 247.0 249.8 248.7 101.1 0.7
3 246.8 99.9
1 2525 101.3
Fe 2 249.3 252.5 252.5 101.3 0
3 2525 101.3
1 262.5 106.6
Sr 2 246.3 2625 265.0 106.6 1.6
3 270 109.6
Table 2. Recovery yield of Fe, Sr and Nb with reliability
Element Added, pug Sample No. Found, g AV. ug Recovery, % RSD. %
1 103.6 99.0
Fe 104.6 2 103.4 103.5 98.9 0.1
3 103.6 99.0
1 94.4 100.7
Sr 93.7 2 96.4 97.2 102.9 3.4
3 100.8 107.6
1 106.3 100.0
Nb 106.3 2 107.0 106.6 100.7 0.3
3 106.5 100.2

Table 3. Recovery yield in the range of 100-500 pg Ni

Element Added, g Found, ug Recovery, %
99.5 106.0 106.5
Ni 248.8 260.0 104.5
4975 510.0 1025
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Fig. 1. Elution behavior of B, Fe, Ni, Srand co-existing metal
elements on the cation exchange resin column. Sample solution;
1 g boric acid/25 mL D.l.water/0.1 M HNO,. Eluent; 0.1 M HNO,
(20 mL), 4 M HNO, (20 mL). Column; cation exchange resin:
Bio Rad AG 50WX8, 100-200 mesh, I.D.: 5 mm, bed volume: 1 mL,

bed height: 55 mm. —@— Mo —— Cr —A— B —v—Zn Pb
—0—Cd Co—4A—N—~v—Mn—e—Fe—0—Mg—0o—Al
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Fig. 2. Elution behaviour of Ni extraction chromatographic

exchanger for Ni and co-existing metal ions. Sample solution;

1MHCI (2.5 mL), 1 M NHcitrate (1 mL) and 1 M NH,OH (3.9 mL)

: pH 9. Eluent; 0.2 M NH citrate (10 mL) and 3 M HNO,(10 mL).

Column; Weight : 300 mg, I.D.: 5 mm, Bed volume: 0.9 mL,

Bed height: 50 mm. —®— Cr, —@— Ni, Mn, —v— Mg,

—+—Al, —o0—Ca, —@— Cu, —>— Ce.
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Fig. 3. Elution behaviour of cation exchange for Ni and co-existing
metal ions. Sample solution; 80% acetone/20% 3 M HCl and 10 mL.
Eluent; 80% acetone/20% 3 M HCI(30 mL), 10 M HCI(10 mL).
Cation exchange; Bio Rad AG50WX8, 100-200 mesh.

Column; 1.D.: 5 mm, Bed volume: 1 mL, Bed height: 55 mm.

—u—Cr, —o— N, Mn, —v— Mg, Al, —0— Ca,
——o— Cu, —2— Ce.
120

8
T

Metal ion in effluent, ug
2
T

8

B Cr, Mn, Mg, Al, Ca, Ce

0 5 10 15 20 25
Elution volume, mL

Fig. 4. Elution behaviour of Ni extraction chromatographic
exchanger for Ni and co-existing metal ions. Sample solution;

1 MHCI (2.5 mL), 1 M NH,citrate (1 mL) and 1 M NH,OH (3.9 mL)
: pH 9. Eluent; 0.2 M NH citrate (10 mL) and 3 M HNO,(10 mL).
Column; Weight : 300 mg, 1.D.: 5 mm, Bed volume: 0.9 mL,

Bed height: 50 mm. —s— Cr, —— N, Mn, —v— Mg,
—&— Al, —0— Ca, —o— Ce.
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