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Abstract

A study on the separation of “Tc, *Nb, ®Fe, *Sr and ***Ni in various radioactive wastes
discharged from nuclear power plants has been performed for a use in their quantification
which is indispensible for the evaluation of the radionuclide inventory. Ni was recovered along
with Ca, Mg, Al, Cr, Ti, Mn, Ce, Na, K, and Cu through the sequential separation procedure of
Re{as a surrogate of *Tc), Nb, Fe and Sr by anion exchange and Sr-Spec extraction
chromatography. In this research, chemical separation of Ni from the co-existing elements was
investigated by cation exchange and Ni-Spec extraction chromatography. Precipitation
behaviour of Ni and the co-existing elements with dimethylglyoxime(DMG) was investigated in
ammonium citrate/ethanol-H,O and tartaric acid/acetone-H,O in order to purify separated Ni
fractions and to prepare "®Ni source for the radioactivity measurement using a gas
proportional counter. Recovery of Ni separated through ion exchange chromatographic
separation procedure was 92.1% with relative standard deviation of 0.9%. In addition,
recovery of Ni with DMG in the tartaric acid/acetone-H,0 was 85.6% with relative standard
deviation of 1.9%.

Key Words : Radioactive wastes, ***Ni, lon exchange chromatography, Extraction

chromatography, Precipitation
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WA 718 AF AT Hrlol g AFRA g 95t vhe vid e WAL HIE
A Z28E PTc, *Nb, “Fe, *sr @ 7*Nig] £alo] @3} A7} FH=H T 3ok, Ni Soleund
F2|9} Sr-Spec F& ARnIEIY Y FAZ Re(PTce] &), Nb, Fe ¥ Srg 2 £Eef=
g 9lA Ca, Mg, Al Cr, Ti, Mn, Ce, Na, K @ Cus} &7 3]5EH Aok £ A7 E Nigl A
A 2e]7|1eS 3l A3t Ni-Spec & ARvlETH Y E Jol2ATFAPOZ o]E 9
BYATE v Z3 At £ Nio] FA ) 7A v EAFE R WAFsE S48 A A
ZA 7 F4E 9389 ammonium citrate/ethanol-H,0 ¥ tartaric acid/acetone-H,00)|4]
dimethylglyoxime(DMG) ol )&+ Ni2] I AAFE ZARBIGY. YAEUALZRE AHg ¥
ol2ugFR AR Gal 8o 32 PE BABIY BHE R FHo|2udsA] §4E A3t
& Re, Nb, Fe 4 Sr #2l38 & AA HF2 o2 223 Ni9) 3582 92.1% (RSD: 0,9%) 1%
t}. %3} tartaric acid/acetone-H,0%14 DMG®] 2] Ni¢] 3]45&-2 85.6% (RSD: 1,9%) 0|1t}
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ETAL A8 AFHZEE AT e dF 2
M QAHE £017] YFME hte] AlEg 9o 2 HE
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#Tc, *Nb, *Fe, st I PONig a2 /i Ra], 4
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B d3oa] Ba)taxt = Ni€ HCloA) Ni**
2 NiCl'9} 2 ¢fo] 2.0 8 ZE3IEE HCloM &
0] 202 EASE F50l2EERY HA Beg
4 oW, HF ¥ HNO9 M E o]l &u g4
F55X) @Evin GeA ok, ol L Nig] #
EALE o83t ARELS AdE AToA oS
I 22 4 A 22734E AA Re, Nb, Fe ¥ Sr&
A2 578, 353t vpAT gAloA Nig Na,
Li, K, Ca, Mg, Al, Ti, Mn, Ce, Cu @ Cr 53} &7
Frae 2dxE F9 AR @ 0.5 M
HNO, 9] gol &g Rej#@oA] Re 2 &
Nb, Fe, Sr, Ni®] &2 — (2) 3 M HCl/20% HF9| &
ol 282 Baj#olA Nb F& ¢ Fe, Sr, Niol
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A Fe &2 9 Sr, Nig) £8] — @ 8 M HNO39| Sr-
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AAFHOZ WAFs& 5317 A AZFA

2 9E7] 958 ammonium citrate/ethanol-
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=ame
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. 29 soleagsA] £

ok 0.1 g9 Ho]xmEFA Alg7t E0l e
HIZE Ad9] wto]ARo)B &3E7] 12 mL
9] 70% HNOy& ¥il violazgeln 334
(Milestone, Ethos Plus, Italy)Z A}-&38}4] Table 1
I e 24 NRE &3 O FRTFE 20
mL HA F3ch, 283 3¢ SHFFE Fl W
A A E BEA o) 7Hse fre Y Zekan) 4R

Table 1. Microwave digestion program

Step 1 2 3 4 Cooling
Time, min 4 10 1 10 10
Power, W| 290 400 250 250 0
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w2 R A7) /213 A2 (Thermo Jarrell Ash, IRIS
HR, U.S.A)SE &8-S ZAF3Act. A4
A AT Hol2n@rA] MNEES BMEY 4
< A3 T FEAE] FHFol 7HF & AR
BEHZHE vl o2 SpexAte] = 2 Egx
vl YALEEN S BEEN(1,000 wg/mL)F Alf
Fo| FE£UE A48t Table 29 71&8 9.43 M
HNO, "l ¢] no] dHo]2u g% &AE& A3}
st

g, & £y

Aol ALSE Hejge EelZzagdd Ady o
3)-8 FANQIAE; 5 mm, $3%3); 1 mL, NSCAP
2A Zelddd A2e] Pe(Alltech, U.S.A)E 7]
9] Akt Fol A= Bio-RadAbe] AG
50W X 8(100~200 mesh)2 AF&-3t4t}. Ni-Spec 4
A= EichromA}e] A)1F(100~150 um) ©.E4] 200 mg
< 3t JolensrA Hedd g oz
FH3MEch. FEAIEE SEAIA EAAe] AR
HZFE FaA 7|3 FElHAA oA L AsHE A
A o] kg Fol7] 93t RE Reld] 4 FA
08 1 mL oJ3t2 243t

Table 2. Chemical ¢ of a synthetic spent
ion exchange resin solution

P

Element | Amount (/8 mL sample solution)
Al 30.0
B 1,900
Ca 150

Co 9.3
Cr 7.0
Cu 5.0
K -
Li 220.0
Mg 7.0
Mn 11.0
Na 200.0
Ti 8.0
Zn 6.0

* Matrix; 9.43 M HNO,
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ul, Ni-Spec A4 Ni ¥ FE&g29
AT

Nio] 100 ug 223 Ca, Mg, Al, Cr, Mn, Ce % Cu
7V 242+ 10 g FH=o] Y+ ammonium citrate
) o] E3t F4o] £ (pH 9) 7.5 mLE Ni-Spec
A EE)B) ¥ FEDL N E2o AT &
gae 2 8 Yoy 2 miy EHY ohe
= 2% SEkavt dAEEERVIE BAtY &
29 F&ol29 && dHIAH.

v}, ol @ LA oA Ni  FELLY
EIAF
Nio] 100 ug L2]3L Ca, Mg, Al, Cr, Mn, Cu & Ti
o] 24z} 10 g FHf-Fo] U 80% acetone/0.6 M
HCl v de] &3 F40]2 49 10 mLs} 30 mLe]
80% acetone/0.6 M HCl 22]3L 10 mLe] 10 M HCl
S A2 E8 YoM 2 mY EHE bS5
A Satavl ALESERV|E A5 §29
&0l & A3t olst =R Ni 100 ug,
Cu 200 ug, 223l Ca, Mg, Mn, Ce, Al, Ti, Na, K,
g Cro] Z+2k 25 ¥ FHrEo] = 10 mLe] 60%
acetic acid/0.6 M HCl ] &e] £3 F&ole &9,
10 mL®] 60% acetic acid/0.6 M HCI, 20 mL2] 80%
acetone/0.6 M HCl, 3 mL¢] 0.1 M HCl Z28]3L 10
mLe] 10 M HClIE &2 kol w A Balwhd
8 Youx 2 miA 233 oS F= 28 E2
2} A E37|2 EA3lY §5E 550129
&< 2A34H.

A}, Dimethylglyoxime (DMG)o] <& Ni
°] HA

@ Ammonium citrate/H,0°4 ¢] A"

ool A Ea@o 2 RE 35 Ni £
4ol(10 M HCl, 10 mL)y2 29d38 3 2 mLe) 1
M HClO.Z £3JA7]11 50 mL &2 948 e|#o
2 27 tg 254 3 mLE HAE Ao ¥k Ni
2ulA} 8-4(1,000 ug/mL) 2 mL 8|3 Fe £
(1,000 ug/mL) 5 HE&E ¥ b EFHAN 5 &
7t 743 F 0.5 mLe) 31§ RYolrE AA 8] ¥
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)
HAE oHE 50 ml &Y ’S*v—fl] o2 &7
€ 3 mL9 0.5 M ammonium citrateZ 7}3+ & 70~
80 € EFFl ¥k, S mLY 0.125 M
DMG/ethanol& A1A8] Wi AAEo] JAFE w7}
A EEo] & thg EFRAA 20 ¥ 7HEANA &
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2 27 9L F575 3 mLE B)FAE Ao ¥
0.2 mLe} Ni 4L £9(10,000 ug/mL), 13 mLe]
acetone, 3 mL2] tataric acid €% (250 mg/mL)& 2}
A2 B3 dad et FHFE 1~-3 mAE F71
Ak, §do] & Mo 2 W T Y] P2
o A7} & Wj74R(pH 9) XIgt $RYFE *%
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o)l upAeto 2 AFo] og&S AME-3te] FA
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TolA 1 A% AXA T 2AE 3RS

mlm glo
B/ )

2“1
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I 33 ¥ 9
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Srg w23k & Bge Ni ol TAMY H7)

E A9 njag4el Na, K, Ce, Mn, Ca, Mg, Al,
Ti, Cu € Cro] 3-f-5¢] 3ot WabA Nig Jga o
2 By, 3537 g5t g 25 R e E
FEZ o] BN AYo|EE FSHA ¥AT pH
8~9 W 9o Niz}t w9 <HAg A EE F A3t
= DMGE t345A o A&AA F2 Ni-Spec
oA Nt FELAEY HEAFS RARIL 1
A#-Z Fig. 19 YRS pHE 95 24 7.4
mLe] A &84 pH 92] ammonium citrate §-2] %}
10 mLE 2|2 &8 ¥E F%F Ce, Mn, Ca, Mg, Al
g Cro] $hA3] g= e vix=O 2 10 mLe 3
M HNO;S &7 2o Nig AgHo 2 358 + 9
Aok, 2 curt Nith 28 EgAFES Ho|x 9l
o]q cug%¥ Nig] 27t ettt wekA
CuZ} EfrEo] 9l WA HVIE ARERE Ni&
E ol & 3¢ Ni-Spec 3]l 23 Ni #8&= 4
&3k et

Y, Fol2m@yA o o8 Nid £

Ni2 HCL i dojlA] Ni** 2 Nicle} 22 oFol2.0
2 EA8t7] fE-ol HCl wiZor] ol o2 &)
e F&0)ERRH Rt bt B 4ol
LA A Ni2 Cu 2 Cost 22 271 Aolg&
ol2E3} Ea)A%o| A9 #r}. Tt acetonedt

120 j-Sample soluﬂana‘—»o.zmuﬂ‘-cnme a—}——v 3MHNO, =—
3 o]
-
=100 |-
c
% L
80 -
&g 1
.E 60 b=
<
-] [
§ 4OF
20 |-
0 . QTO“ N e R /;\Q=-OT0 .
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Elution volume, mL

Fig. 1. Sorption behaviour of Ni-Spec resin for Ni and co-
existing metal ions. Medium of sample solution; 1 M
HCI (2.5 mL), 1 M NHs-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 :
350 mg, 1.D.: 5 mm, Bed volume: 0.9 mL, Bed
height: 55 mm. « Cr, o Ni, o Mn, v Mg, ¢ Al, o
Ca, A Cu, v Ce.
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HCl E+£ acetic acid®} HCI# 2+& &3 v A
Ni ol 2ugh]ol AA F2H=7) wj&o) g3}
L0]&-g FA3)E= Cu, Co, Fe(lll), U, Mo, Mn, Cd,
Hg ¥ Pb BogXE e R/} shssita ddA
A,

Sole @ &A 9} Sr-Spec FA] F-E|BA Re,
Nb, Fe 2 sr& A2 H2ld & HFHo 2 Nigp
7| 3|45+ Cu, Ca, Mg, Al, Mn, Cr Ce 2 Ti9] ¥
2 AEE Fol2nFFA oA AT, Fig. 29
yebdule}l 7o) Cugt Cr QH-= 80% acetone/0,6
M HCl¢] &3 &40l 494 10 mLe} 30 mL2) 80%
acetone/0.6 M HCIZ €8 Y+ o AlA=ENoH
Ni- Ca, Mg, Al, Mn, Ce ¥ Z5F Cr3} g7 10 mLe]
10 M HClo 2 3= 3ith

T, Ni Zalag e AeAQl sr 22l oA 3]
3§20l #H7|E -3 o whe} Na} Ko] #3f
o] Qe 57 Bk 80% acetone/0.6 M HCI
ANXE Ca 9ol Nad} K= ol n 32 of] t gt ¥
Al 282 Ni B2l uAE o5 IS =
Argt A3 B3] Nad} Ko| 32T 7239 Nigl 35
&) ZATE FUghul Uk whekr Na, K 2 Cao)
Algol #3F FREY UL AFolE Cag CaF,2
HAAAA AAGF F A58-He] w2A-g 60% acetic
acid/0.6 M HCle & A3 o2 o] 2n 2] £

2.
=
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2@ &7 ¥el. Fig. 390 vebdnle} o) Al
A 10 mLe] 60% acetic aicd/0,.6 M HClIZ &8 ¥
o] Na, K 2 32| Cug AAG th5(o] FA A
L% 37 &-2%) 20 mLe] 80% acetone/0.6 M HCl
< &8 Yol IF CuE ¢A3 AAT F AU
npx|g e E Ni2 10 mLe] 10 M HCIS 34 A1A A
FHoz 5T & AR

29} Ho)&ne4A] §4-& A3 Re, Nb, Fe
2 $r& 32 2231 Fig. 40149} o] B JF
oA &3 B-2ldxtel w} Nig &8, JAsd 2
T} Table 39049} Zo] Nig Aoz B, 3¢
g 5 vk 22 Li, Na ¥ K3 22 &2 =
ol 3 Cug HE Nig) Mg e rsdtgle
v Eego g2 RE 353 Ni FE&ddE Ca, Mg,
Al, Mn, Cr Ce & Tio| =] 9lolA] Mxe| Ni A
A7 o] B3t

Table 3. Recovery of Ni from a synthetic spent ion
exchange resin solution

Sample | Added, w | Found, w¢ { Mean, «z | RSD, %
Test-1 100 918

Test-2 100 91.1

Test-3 100 92.2 921 0.9
Test-4 100 93.3

Test-5 100 92.1

100 120
| sample 40% acetone 1 20% 3 M HCI —Finuﬂcn L ::l'?:ll:n “";"’";’:2:"1 80% acmne/o.sMHmeMHq -]
solution
L o 100 §= (o]
80 2
2 4 !
£ §
2 .3 80 =
% 60} !
g &
£ £8F
s o 8
= B 40 P N,
ﬁ 2} 2 Newe
o\ 20 | \
Odmgeugiigt~oyy-o § . 4 . o 0 Lﬁsﬁztxgjﬁgl'_'—:ﬁq“‘"!
0 10 20 30 40 50 4] 10 20 30 40 50
Elution volume, miL. Elution volume, mL
" . Fig. 3. Sorption behaviour of cation exchange resin for Ni
Fig. 2. Sorption behaviour of cation exchange resin for Ni and co-existing metal ions. Medium of sample

and co-existing metal ions. Medium of sample
solution; 80% acetone/20% 3 M HCI (10 mL).
Eluent; 80% acetone/20% 3 M HCI (30 mL), 10 M
HCI1 (10 mL). Cation exchange resin; Bio Rad AG
50W x 8, 100~200 mesh. Column; 1.D.: 5 mm, Bed
volume: 1 mL, Bed height: 55 mm. » Cr, 0 Ni, 4o
Mn, v Mg, o0 Al, A Ca, v Cu, ¢ Ce.
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solution; 60% acetic acid/0.6 M HCI (10 mL).
Eluent; 60% acetic acid/0.6 M HCI (10 mL), 80%
acetone/0.6 M HCI (20 mL), 10 M HCI (10 mL).
Cation exchange resin; Bio Rad AG 50W x8, 100~
200 mesh. Column; 1L.D.: 5 mm, Bed volume: 1 mL,
Bed height: 55 mm. w Cr, 0 Ni, A Mg, v Al, ¢ Cu,
o Ti, @ Ca, ANa, VK, ¢ Mn, qCe.
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Table 4. Precipitation behaviour of Ni and matrix elements

Recovery, % Decontamination factor
Sample
Ni Cr Mn Mg Cu Ti Ca Al Ce
Ni-Ni 79
Ni-Cr 87 20,000
Ni-Mn 85 13,333
Ni-Mg 86 13,333
Ni-Cu 86 4,000
Ni-Ti 84 20,000
Ni-Ca 86 976
Ni-Al 85 4,444
Ni-Ce 79 50,000

o Ni FAY bw

Fol2u @A EeldozHE 353 Ni £
€= Ca, Mg, Al, Mn, Cr, Ce 2 Tio} &5 0]
Ao B Z Nig FAS3 7| A 8| ATH o2 Al
£ SA 7] 33 AFAEE WHEY] Y5ty
DMGO]| ¢Jgt Ni H o] 2848 AES} A,

AAGAH AN FELLE YT 7leeAz
ammonium citrate & tartaric acidE AH8-3}¢] Nig
Ay AAAFE v 2 Yvh. Ammonium
citrate/ethanol-H,00)1 4 Ni¢] HF 358 Jiln
FHA} 2.2% (n=3)9lA 79.6%FA] H|ZH 3)4=-§o]
2ghet. ol A& Ni(DMG), A& YAZE I Z
I A4 7)E o) & detEoA] planchetdl] 3
AES AFH oz &717] oEsdr] WEezs vt
L=

Tartaric acid/acetone-H,O%A] Ni(DMG),
29| 37|18 F7HAZ] Jones 5 W o2 Nz}
TELLES AAAFT S ZABIA. Jones &
Ni ZHo]| v]A & Co, Cu Z Fe2] H3rh-g xA}s}

o8 ¥ 37 Al Mn, Cr, Ce, Ti, Ca &
Mg} Cuel FHARE IA ZARIAT ©]& $3t

17

o Nist FEALEE 42 2 mg¥ ¥ A4 3
ARE A% HMO,0 2 §3417) F = A B}

2uh AAERRT|R AHE] RS B3
T} 7 A3 Table 404 ¢ o] & Aol AEZ
e TEYLEL HEHA &skort cudt Ca

2 A7 05 g 21 ¥ AEHAG, 2 Ca
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2 CaF, AAGA A FR AAHIL Cue Fol
LW @5A o) o3t BedA A 4Ad3] AAY &
QoE e PON MAbg e SR AFE XA ¥
° 2 wosicl w3l Ni(DMG), JAE9] =}
o g 7Y & A& v AAAA planchet
JFHoz &4 F AN Ni FAFHA oA 3]
Table 5ollA9} 7ol 85.6%0]%l. e AulE

L4%2A v|ad AR e 35-Ede

puk

Re, M0, Fe, 51, N, Co, (a0 oy b B 1 . Mg, A, P, Li, Na, K

[ ‘Arion exchangs resin cokamn

{ M0.Fe.51,Mi,Co, Co, Mo, 2¢, Ti,Cr, GO, M, Cu. U, Ca, Mg, AL P, Li, Na, K

[ 3MHCI20% HF ] {o,smmo,suw
{ Anion exchange resin column

[ Fe.5r.1. Co, Co, Mo, T, Cr, (C, Mo, Cu, U, Can, Mg, AL Pl Li Na. K ]

[ asma ] [[oaMnnpeMHa |
[ Arion sxchange resin column I
[ Sr,M, Cr, Min, Ca, Mg, Al, Pb, [Ce, Ti, Cul, Li, Na, K ] m
[ ewao, ) [ ansum
{ Sr-Spec resin column

{7 mcrn, ca, g, e, Ti Gl L, e, K ]

[ Evaporation and dissolution with 3 ml. of 1 M HNO,end addiion of 1 mL. of conc. HF

{ Fiktration with a syringe fter H oo, |
[Evmion,asmmmnmotsnwmmnmonunpausmmw]

l[ 60% acetare 13,68 HC! ][mmﬂsuw ] [ 10MHCH ]

____J

[ Cation exchange resin cokmn

[ Cu, Cr, L, Na, K

) {M, M, A, Ce, [Cr, i, [Ca, Mgl u

Fig. 4. Separation and purification procedure for the
determination of *Tc, *Nb, *Fe, Sr and *Ni.



dJ. Kor. Rad. Waste Soc.

Table 5. Recovery of Ni in the Ni(DMG): precipitate

Added Ni, Found Ni, Recovery, Mean, RSD,

mg mg % % %
2 1.73 86.4

2 1.67 83.3

2 1.71 85.3

2 171 85.3

2 1.71 85.3 85.6 14
2 173 86.4

2 1.69 84.3

2 173 86.4*—1

2 1.75 87.4

V. 2E

WAL A5 A9F A P71 T H=Q
e} A AZ7)E Mo B I ez
PONi gl Hagh Nio] AdH Falgf slge] &
g ATE % A9 o 2L A2 A

Ni-Spec A& AME38lH Ca, Mg, Al, Cr, Mn 2
Ceo 25 E Nio] Ad7 g7} 7hsdt g ot Nigk
Ee|ABo] Z& Cug 22E & g

Fol 2w Ao g Ni ¥ FEYLES £
ASE ZAE 23} 80% acetone/0.6 M HCIS. & Cu
g 5gHoE B F dJ2y #Fo Na, K &
Caol $H=0| 9l A5l Ni9) 3)580] 743}
St

Ca2 CaF,Z I AAA vlgl A A F 60% acetic
acid/0.6 M HClZ} 80% acetone/0.6 M HCIS x}&l=
okol e WerA] Eajdd] &8 Yol Na, K 2 CuE
A ASI 10 M HCL2. 2 Ni€ AFHo g 358 &
AATHO2.1%, RSD; 0.9%).

Fol 2nFFA FElFo2HE 343 Nig-o o
+ Ca, Mg, Al, Cr Mn, Ce 2 Tio] $-FHo] ge=
2 DMGO] olg Ni Aol H8A4e AT
Ammonium citrate/ethanol-H,0 % tartaric
acid/acetone—HZOﬂ]H Ni¥# Ca, Mg, Al, Cr Mn, Ce
R Tio] FAAFE v|ud 23 F wjdoy 25
Ni& AEgH oz HAAAZE & UAch. 23} tartaric
acid/acetone-H,0°1A Ni®] 3|5=g-o] tf 33 AH
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o] 9)ATHSB5.6%, RSD; 1.4%).

wErA AR H71E A 88N 0 2 HE Re, Nb,
Fe 2 sr& A2 228 ¥ FAFH o2 Nigt 3
Bz, 5|$5E Ca, Mg, Al, Ti, Cu, Na, K Cr Mn ¥
Cel 2 HE Nig ol2m A3} DMGe oJgt
AAYo g Hdyoz B, 35 5 glojA HAl
ALY 9718 el gd ez RE PONig £, 3
Fro ALE 4 Qo kgt

AR 2

o] A7 H7IeRalA Adde dAY AT %
Mg Z2aqe] dgo 2 £ HFU.
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