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Selective Separation of 5/63Ni from Radioactive Wastes
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A}g-8ka] o] '9"79*}\1]“43} Sr-Spec %% ARntE#HNZ Re (PTc th&44), Nb, Fe
2 Sr& d8 d F Nigt #4 sF3E Ce Ca Mg, AL Cr, Ti, Mn % Cug} Nig} ¥
7% & Ni-Spec ’éu’fitﬂ}l&ilﬁ}]j}g} FolugFAYC T ZAEATH TEILEZRE
Nie] Aex Baloh A gAsEed g WAs &A4 o & radionuclide source® Tt
7] #ste] FEYAE R /HA-FAE ammonium citrate 2 tartaric acid® AFE3E
dimethylglyoxime o] 28 #ste] 7j&sdnh

Abstract

A study on the selective separation of *Tc, ¥Nb, ®Fe, “Sr and *Ni(*Ni) from various
radioactive wastes discharged from the nuclear power plants in Korea is being ‘performed
for use in their quantifications which are iIndispensible for the evaluation of the
radionuclide inventory, Separation behaviour of Ce, Ca, Mg, Al, Cr, Ti, Mn and Cu
recovered along with Ni during the separation of Re (as a surrogate of %Tc), Nb, Fe and
Sr by anion exchange and Sr~Spec extraction chromatography was investigated by cation
exchange and Ni-Spec extraction chromatography using synthetic radioactive waste
dissolved solutions containing matrix elements such as Re, Nb, Fe, Sr, Ni, B, Na, K, Ce,
Co. Ca, Mg, Al, Zn, Cr, Pb, Cd, Mo, Mn, Cu, Zr, Ti and U. To purify the Ni fraction
recovered and prepare a radionuclide source available for gas proportional counting, an
application of the Ni precipitation procedure with dimethylglyoxime in the medium of
ammonium citrate and tartaric acid solutions as a masking agent for co-existing metal

ions was described in detail.
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S dAgd AL S E FAES AV HAVES aadeR Busy) 95t
o Ay HIBY AF HuFL @s%own P7hg Bark Aok ol & st H. MC, FFe,
%Co, ®Ni (®Ni,), ¥Co, ¥sr, *Nb, ®Tc, L ™cs (*Cs), Ce, PPy (**Pu, ¥py, *'py),
“Am R %Cm (Cme FAREFOR Ashn WAL A7) ¥E 2NE HAEARYG F
71 AF7le Mgel B A7) FXAAFAT AN FPH gloh

AR vy E4o] Erbed dupdz WEgA HE dFoz FAFHo oy
*Tc, ®Fe, "Ni("Ni), ¥Sr 2 “Nbe a8 zAFH)A A4H: RIAY2Y ARE
A2RE AYHE YAE B2 22 quA Y X-Ad3 WelHde wEses AFENS
AAxe F&ee YFEE Y ohEt WAL WNEY mdYiR JdFEHE Na K, Li, Cs,
Ca, Mg, Al Zn, Cr, Pb, Co, Cd, Mo, Mn, Cu, Ti, Zr ¥ U2 HESe MdEae FA7}
L7490,

BAEF7)dT BobollA] F&ol2el a3 Relo] Z WA 2HeHes YyPL oj2unys
AY? g o) 8E3EEY0 Foln), £ 18uFEEe HYy RaEAY ol AvnE
oo thiA ReEAE HAFE & AZ0EIGAS) SAA Hde wgste] Fm
Fysge] dedt 54 25 7] W] g5 Mduyy oo = WA HL5n Ags
=g B o] HAFD AN wHde] mEgo] vmy e FAYPL HYFY ¥, AA
Bk ol A AsE R WA S AFEY] 98 YR E radionuclide sourceE THE
7] 93t o] EE & ARvEIYISYG 4 T yWA HEHT Ak

Aol Ay &8 e 40l F nwd P Ag4Ado] a& Ni& Re Nb, Fe ¥
P2l ¥ Nidt ‘f}”ﬂ ®elH¥ Na, K, Mn, Ca, Mg, Ti, AL Cr 2 Ce2&%g
2 2, 3487 9sld RolL @48’ dimethylglyoxime s ThHEA 4

Ni-Spec #& ZRrPtEIHN ] 8 RUAFE vEsR HFHom
ammonium c1trate/HzO 9 tartaric acid/acetone vl el A dimethylglyoximedl 2]% Ni A
AFE vusgon] HAGY Bz A4EE 450 AHEE Brlatgd,

2.49

21. 7171 € A=A

e #g B8] AF #4022 FRE 2437 Ysld oy YAES TA £
# & & Jobin YvonAl (JY S0P, France)s] §% A vl 9 hi.%‘:%?l% AL8-3}
k=

22. Ao 2 89

Yo ALLE BE AL ¥4 AFFozA FASA @on oF FEFE ddS
£ Milli-Q plus Ultra Pure Water System (Millipore)o]l 3 A1zl AL AF&3lgth WALA
H71E SR AR FFZAYo]l [FAR HWAY B FHole 9L A=z A5y
SpexAte] fr= AY Fetavl YAWESEFENE XIFLAE ALEs9T)

23. 28 &4
Ao Al Ful@e Zejzzgy Ade d3E Fa7] (1 ml., NSCAL, Germany)®
A Edoldd el PE (Altech, US.A)E 719 A#stgcth Fol&m# 42+ Bio Rad
A AG 50WX8 (100~200 mesh)& AHg3le™ £ g @G5A7)3 AR = e
LAY Fol7] 9ste] Ra# 21 FARNE | mLE ZAsYY FF A2vlE Y]
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+A & EichromAte] Ni Spec.& AHE8IR L9 100~150 yme A& 350 mg st &
= 5t o}
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2.4. Ni-Spec 5% A =date1d o] o8 Nio] A%

Ni 100 pg 283 Ca, Mg, Al Cr, Mn, Cu ¥ Tiol @7 10 pg® a0 AE
ammonium citrate ]2 ¢} 2] FHo|2Ld 75 mlL (pH 9E Ni-Spec ¥ 3o VI Nij
o] el A3 LNE EFARAIEA 2 mLY EREHYN L $% A Segran o
AEER7E EM5e £5F FHolL9 F& AAHNUL

25. FolLm @AYol 7 Nig #2AF

Ni 100 pg 283 Ca, Mg, Al, Cr, Mn, Cu ¥ Tio] Z7 10 ug¥ #H5Ho U= 80%
acetone/0.6 M HC! £+ 60% acetic acid/0.6 M HCl mj@d ¢} 2o F&0]24% 10 mLE 4
o] PR By wu A|FEEHT uido]l 2 gARL ERANIUAN 2 mLy H
FHE oF §x 2% So2vt dAEEEH7I2 2459 4289 S50 %8 2AF
st

2.6. Dimethylglyoxime®l] ¢]% Ni¢} 3 A

2.6.1. Ammonium citrate/H.0 w§ & el A e} & 24°
Fol2ugA Bdg T4 Ni #5549 10 M HCl 10 mL)S 39438 £ 1 M
HCl 2 mL& %Gﬂ"]/].:- 50 mL &%9 d4ddedoz &7 4 /T 3 mLE Ho ¥
=}h Ni 29kl g9 (1,000 ug/mL) 2 ml 2183 Fe £zt £ (1,000 pg/ml) 5 3&
S ¥ g EFEoM 5 8 T F 05 mLY AF GRLUEE M A3 Yol Fedt
'Es‘é%:.’f-%% FTHAZIG AR 4EYE e 50 mL £%9 A4 Ee
g 3 mLe 05 M ammonium citrate® 7}3 3 70~80 T2 &5t 5

0.125 M dimethylglyoxime/ethanol €& A A% Wi IAEe] FAR wrx EEF &
BEEEAA 20 ¥3F 71dA A NIDMG): ’51‘"’5'1 AHEo] AYEHEE ) 27k o
1 AR X3 & A Este] 359e W FAEE 10 mLe AFE4@ mL 05 M
ammonium citrate + 5 mL F%FF + 2 mL &2 AL g 4D "V*'-"-:
20 mLe] A7bE SFFER T 2 WA AL F oA 4AE Y. 22 due
AR&-Ble] AAEL FAE ¥ JdE AFE stainless steel planchet2 2 &7 thg 110 "C
ANA 45~50 £ BRAZN F FAE S}

26.2. Tartaric acid/acetone MAe)A 2 =AY

Gol 2Bz HaPg T N 549 (10 M HCL 10 mL)E 32428 F 1 M
HCl 2 mL& &8jA17)3 50 mL &3] dARe#er &7 I& $F4 3 mLE Ao ¥
th, Ni &332 2498 02 mL (2 mg)$ acetone 13 ml, tataric acid &°4(250 mg/mL) 3
mLE ¥3 Fed wi} FFFE 1~3 mLAE F7igc) £99 o) g& Moz wsl
I el gdrYoel WAz @ w7k (pH 9) A% dEYFE @i=t)h olo)A 65 T4} ¢
2 B2 Fesli 1% dimethylglyoxime/95% ethanold A o1FWA 5 mLE MAE Qo
65 CTAAM 2 A Fwata d4Az o& %’iﬂv’:?ﬂ?&‘% (o] pHi= 81~84 B2 &
A). 20 mLe M Z 9 (52% acetone) 2 38 MojFE thg 150 TolA 1 A7k AN F
AE FH 3
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3. 4% % E9

3.1. Ni-Spec % azvnE1#sle] & Nig ¢

Fig. 19 yehd ¥eidate] ule} Re, Nb, Fe @ Sr& #2§ F doldl £ Ni
®ak olyjg}t Na, K, Cs, Li, Ce, Mn, Ca, Mg, Al, Ti, Cu ¥ Cre] ##H0°] sich wabA
pH 8~9 oA Nizt of¢ <t43 Aol E A8l dimethylglyoximed TthEFAFA
of A&AZ] Ni-Spec #& AzntEdy B Nig FeAFE x84 Fig 2
of vjelyinle} Zo] ammonium citrate Wl A A (pH 9) Ce, Mn, Ca, Mg, Al Cr ¥ Ti&
AAZ F 3 M HNO:2 2 Nig ¥, 85 & 5 Jddoy Curt Nitt & 2AFE &
oli glojA Nigj Mz Fejrt Erbsadch. ks A& W Cad ko] Hej#e F&
23 (F 400~450 pg/350 mg Ni-Spec resinBtt & A 9ol Nig) Bao& 2837 o
2 h

32. Fol 2o g Po g Nio &4

M%IE]ﬂéﬂHIW‘EE&WO Aole Yool polenibiAd F35A gou
2 59 93 Fol2 g YA W FELAEN 7t Ebesch B¢ HClY ¥ %
7t EE + E °o*°l WA e EH6P Nig} F&A 57 FolAH Cos Cu 53 2L 27
ol 25 3te] FaAFo] FolA Nigl MeA ¥, 357t odoh. 28y acetone®} HCI
T acetic acid®t HCI# 2 WA A Ni2 Ni¥* E¥ NiCl'#t 28 39 Ho) &g A3l
o] ol mEFA o] MA FAH7 dio] F9 Fo|2& FAFHE Cu, Co, Fe(l), U, Mo,
Mn, Cd, Hg 2 Pb $22%Ee Basl 7t5sn)’

FolLARFA} Srspec & AZAETAHY L BN Re, Nb, Fe 3 Sr& &40

2 g & Nig g7 R, 345HE Cu, Ca, Mg, Al Mn, Cr Ce % Ti9 ¥8A%E &
ol 2 WAFR BB M 80% acetone/0.6 M HCl &g AL-&5le FAG ARE AR
™ Fig. 391 UpEbdubet Zo] Cush Cr& 80% acetone/0.6 M HCl W2 o] A]i&< 10 mLs}
80% acetone/0.6 M HCl |89 30 mLE BHA e B¢ $83] AAFALH Ni2 Cg,
Mg, Al, Mn, Ce 2 Tis} 87 10 M HCI 10 mL2 ¥, 3d90

P, Ni 2834 daAQ] Sr £ HdA A+ §eddole #HVE FEd o
Cu, Ca, Mg, Al, Mn, Cr, Ce ¥ Ti 99 % Nad} Ko| 35 #gH5ol d= A7 Aot =
3 80% acetone/0.6 M HCI wjZolH Nadt K YFo]2mA ] g HulAlsrt a2
Nigl 2 v J&E 2AE A7 Nadt Ko] 3% shiEo] e A 7 A&
ol A% Nig ¥4, 34eo] B2ee FASIT WA Na, K, Ca @ Mgel #& i3
o R ANRY AFodE Cad}h Mgg E4o2 HAAA AAG T Fig. 4949 Zo] 60%
acetic acid/06 M HCl vja2] 589 10 mL¢} 60% acetic aicd/06 M HCl €89 10 mL
g SHAAH Nat K& AA8 thg 80% acetone/0.6 M HCl 20 mLE Cust CrE AAsA
th. Ni€ Al Mn, Cr, Ce 2 2% Ca Mg# #71 10 M HCl 10 mLE ¥, s53stch o
P CuBHE Ni ¥ 7153AT i TELLERE ] A9 Rl 87158

At

33. Ni ¥AY vxa

FolengA FeFoziE 34 AL Mn, Cr, Ce, Ti 2 2FH Ca, Mge_a‘_—‘?—bi Nig&
Agxew Resn BEi’l- WAls ZAo) H§#§ radionuclide source® WHE7] ¢8lod
dimethylglyoximeol 2§t Ni HAWE Mustgrl HAAAANA %"?‘f—%l o o
7}8} 842 ammonium citrate 9@ tartaric acid® AME-std Nig) A€gF AHAEE

SEETES
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Ammonium citrate®} ethanol/H:0 viAA Nigl HTE 3IFE&E& 796% oo
AU EEALGE 22% =2 A vaF 35 A@idol Agcl o/ AL Ni(DMG): FHE 9
Az U i A8 R Ve @ gEbEolM wWAls AlEE planchete] Ao

%7171 el U7 Foltt.

Tartaric acid®} acetone/H,O = Z oA Ni(DMG): AA&e AA7|1E Z7A7 ] L. Jones
F0) wyg a8t Nigt FEYL2EY ’3‘471% ZAEt9 Tk I L. Jones 2 Ni
Ao vA¥E Co, Cu B Fed d#ut E"}ém‘l.‘ll‘l 2 B dAFdAME Al Mn, Cr, Ce, Ti,

Ca % Mg FWIRE 97 2ASG o8 Astd Nitt FEULEY F& 4% 2
mgd ¥n A4E FUBL ANOE SHNY ¥ 4E BF Fav dAuEERE
HAES) AES AFT AW FEALEL NiH A 394 48 A =@

e
Ni(DMG); AMEe z7E Saox FEY £ & oF A} N9 #HF 5+
Table 19149t o} 856%0Ion AYFEFHAE 14%)EA W2 A4 d+ AAE
4L = U

olem# U Sr-Spec F&F AZTIEIYTR Re, Nb, Fe 2 Sre mv-i_e_:e-_ 2
5 349 Ni, Ca, Mg, Al, Ti, Cu, Na, K Cr Mn ¥ Cel Z%E Nif

18} tartaric acid/acetone " ZolA dimethylglyoximes AlgdlE XYooz Mgz
e, 3 5 Ao AdA FA4 A ]'-" gagdozrE *Ni®N)e #8 ¢ 3
e 5 ARt

n}.

1EY
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Table 1. Recovery yield of Ni(DMG), precipitate

Added Ni, mg | Found Ni, mg | Recovery, % | A.V. % | RSD, %
2 1.73 86.4
2 1.67 83.3
2 1.71 85.3
2 1.71 85.3
2 1.71 85.3 85.6 1.4
2 1.73 86.4
2 1.69 84.3
2 - 1.73 86.4
2 1.75 87.4
[~ Nb,Fe,5r,Ni Ce,Co, Ca, Mg, Al, Zn, Cr, Pb, Cd, Mo, M, Cu, Ti, Zr, U, Cs in 1 MHNO,(16 mL). -

i
| Dissolution with 3 mL of 3 M HCI20% HF |
L

[ 5 -Evaporatior

I Filtration with syringe fiiter ‘

- Fe;Ni;Co, Sr, Ce, Mo, Ti, Cr,:
" {Cd); Mn, Tu, U, Ca, Mg,{pu. PHCE, .

=

" Precipltation (Nb;0)). - ]

Dissolution with 3 mi. of Conc..HC)
and 0.3 ml. of 5% hodc atid
i

L :
[ bissotution with 2 mL of 3M HOQY |
l

Dissolution with 4 mL of Conc.- HO |

| Filtration with syringefilter | |
i

‘miof
M NH,G B MK

Back flushing with 10 mL of 9 MHCI I lAalon exchange resin column | Bio Rad AG 1X8, bed volume: 1 mb, 100-200

mesh | Mo, Cd, U |

T Sr, M, ]Ce], #n, Ca,

Ni; {Cal; in, Ca, Mg

AL (Cu). [¥i, Cs"

den, SHCO,) |

fior, ¥(C,00, |

Fig. 1. Separation procedure of Nb, Fe and Sr from radioactive wastes.
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Fig. 2. Sorption behaviour of Ni extraction chromatographic
exchanger for Ni and co-existing metal ions. Sample solution;
1M HCI (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, I.D.: 5 mm, Bed volume: 0.9 mL,
Bed height: 50 mm. —s— cl', ......... @ NI, [P — Mn’ —— Mg,
........ P AI, [ — ca’ s G e Cu, e °T- 3
100
[ ®
o 80 |
ES
of L {
c
S 60}
&
0 o
£
5 of
g L
= 20}
'l A 'l A

0 10 20 30 40 50
Elution volume, mL .
Fig. 3. Sorption behaviour of cation exchange resin 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; I.D.: 5 mm, Bed volume: 1 mL, Bed height: 55 mm.
—u—0Cr, —®— Nj, ——# Mn, —v—Mg, <+ Al,—s—Ca,
ey Cu, ........... R Ce.
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100

[
o

Metal ion in effluent, ug
H »
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Fig. 4. Sorption behaviour of cation exchange resin for Ni and
co-existing metal ions. Sample solution; 60% acetic acid/0.6 M
HCl and 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;
Bio Rad AG 50WX8,100-200 mesh. Column; I.LD.: 5 mm, Bed
voiume: 1 mL, Bed height: 55 mm. —=—Cr, —@—Ni, = Mg
v Al, @ Cu, Ti’ - Ca, ........... D Na, ——V—K,

—o— Mn, —=—Ce.
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