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Abstract: In the preparation of ¥Zr using a cyclotron to bombard a Y solid target, trace metal impurities
such as Fe, Al, Zn, and Mg, along with unreacted %Y, are present. Separation and purification are necessary
for application in ¥Zr-labeled radiopharmaceuticals. This study conducted the following work: the static
distribution coefficients of Zr*", Y3*, Fe’*, Mg?*, Zn*>" and AI*" on hydroxamate-based resin were measured
in hydrochloric acid and oxalic acid systems. The dynamic adsorption rates of these metal ions on the resin
column were measured in hydrochloric acid. The breakthrough curves of Zr*" in the hydroxamate-based
resin were determined in hydrochloric acid. The elution of Zr*" and Fe*" from the resin using oxalic acid as
an eluent was measured. The purification process conditions were validated using ZrCl, simulated solution
and trace amounts of %Zr*". The hydroxamate-based resin does not adsorb Y3*, Al**, Zn*", or Mg?* in HCIL.
In 2.0 mol/L to 4.0 mol/L HCI solution, the adsorption of Fe*" is poor, while the adsorption of Zr*" is good
in 2.0 mol/L to 6.0 mol/L HCI solution. The hydroxamate-based resin hardly adsorbs Zr*" in oxalic acid

s B H#8:2023-09-15; 1&1T B #3: 2023-12-27
*WEBR R A AT/NME


https://doi.org/10.7538/hhx.2024.46.06.0545

546 Wl 5O A2

solutions above 0.05 mol/L, and its adsorption capacity for Fe*" first increases and then decreases with
higher oxalic acid concentrations, reaching the strongest capacity at 0.5 mol/L. Zr*' is adsorbed by the
hydroxamate-based resin column in 2.0 mol/L to 6.0 mol/L HCI solution, with an adsorption rate exceeding
95%. As the HCI concentration increases to 8.0 mol/L, the adsorption rate drops to 61.42%. Y3*, AI**, and
Mg** are hardly adsorbed in 2.0 mol/L to 8.0 mol/L HCI. Fe** shows negligible adsorption in 2.0 mol/L to
4.0 mol/L HCI, but the adsorption rate increases to 15.69% at 8.0 mol/L HCl. Using 200 mg of
hydroxamate-based resin meets the adsorption capacity requirements for Zr*" in the purification of *ZrCl,
solution. During Zr purification, a 0.10 mol/L to 1.00 mol/L oxalic acid solution can be chosen for elution,
but it is difficult to wash off Fe with this solution. ¥Zr mainly concentrates in the elution volume of 400 pL
to 1200 pL, with a total recovery rate exceeding 85%. Y*', AI**, Zn?*, and Fe** remain in the adsorption
effluent and washing solution, with no impurities adsorbed on the resin column. Zr is almost completely
adsorbed on the resin column, and the elution liquid can effectively wash out Zr, with no overlap between
Zr elution peaks and impurity peaks. Using hydroxamate-based resin columns, an efficient and rapid
method is established for separating and purifying %Zr from Y targets after cyclotron bombardment.
Solutions containing Zr*", Y3*, Fe**, AI**, Zn*', and Mg?" pass through the hydroxamate-based resin
columns. Then, 2.0 mol/L HCI and deionized water are used sequentially to wash the columns, and finally,
Zr** adsorbed on the resin is eluted with 0.50 mol/L oxalic acid, resulting in a purified oxalic zirconium
solution. Studies with stable isotopes and **Zr tracers indicate that the process for purifying %ZrCl, solution
using hydroxamate-based resin is feasible, and the resin effectively removes Mg?", Fe*, Y3, AI**, and Zn*
from the ¥ZrCl, solution.
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WP Y& A 10 mg/L 1) Ze™, 55 WP &
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1.4 HCI iR FE 5 0% Bt 2= B &2 i

43 IC I 10 mL A [/ HCI 3 B Al 48014 0, 24
TH Zr. Y. Fe % OU %R, BV B 1 10 mg/L, HL
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Ui AR, mL.
1.6 BEFBFBREEMEEHE L Ze it
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MR AL 2.0 mol/L HC1 12 85 1 /K k4T wh vk, 4%
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Table 1  Static distribution coefficient of some metal element in hydroxamate-based resin in different concentration
of hydrochloric acid solution
AL S R A (mLog )
¢(HCI)/(molsL™)

Zt Y AP Fe¥* Zn* Mg**
0.01 5341.26 0.25 1.97 238.79 0.16 0.59
0.1 86 395.24 1.25 6.55 8095.07 1.55 2.03
1.0 81 732.67 4.86 0.79 10.87 0.23 4.25
2.0 80 491.96 0.71 1.67 2.87 0.55 0.94
4.0 98 497.97 0.47 2.56 2.96 0.88 1.48
6.0 353 977.90 0.53 2.99 103.66 1.25 1.78
8.0 9679.97 1.01 1.59 333.98 0.85 1.41
10.0 3987.77 0.75 1.79 7619.48 1.97 1.57

F: 100 mgfR G RER FEA G, 100 mL HCI, 4@ 25 F B ik B2 45410 mg/L

RG24 AP Zn?t, Mg [N B AN 2 T LI B
dil, fE HCUR R b RIE B 4 T B . # AR
B 3 TiC 2R B0 g 45 SR R WY, 7RIS M 1Y HCL ik i
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77, 1) B2 e BT FR N R R A Bl X Zet Y W R
e I HCAR B o, BRI, 7E — 5 /9 HCL R B2 R A LA
i 3 R i TR BE A i SE B Zett 5 Y3, Fedt. Mg,
I A SRR T A B
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0.05 mol/L B, ¥ Ji5 2 45 J& & g JL - A 7 W2 it
Zrt, H TR R R AT 2ot a R R A T,
Zev SRR LS AT A B A YRR e R, AT LA
IR SR Ze A 5 e IR AR S 1 A R B
23 EBREZRTERBREERE Fe MiRSR
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TAFAETR B Y Fer, WIS 2 8 Ve i R ok

2 AR R P R PR R R T R IR R AL B 2ot ) i 2 G R 0 TC R AR

Table 2 Static distribution coefficient of Zr*" in hydroxamate-based resins in different concentrations of oxalic acid systems

c(HER)/(molsL™) AR 53 Tie R E/ (mLeg ™)

c(HfiR)/(mol-L™) TSR 53 B R B (mLeg ™)

0.01 2 620
0.03 121
0.05 8

0.07 4
0.09 2

: 100 mgfRHSRRER SIS, 100 mLHAEAR, 10 mg/L Zr**

K3 OAN[E R R R R T R R Eh AR B IR AT e i1 i 2 M B TE AR 4

Table 3 Static distribution coefficient of Fe** in hydroxamate-based resins in different concentrations of oxalic acid systems

c(FEfR)/(mol-L™) FRASIE I/ B R0 (mLeg ™)

c(HR)/(molsL™") RSB R U (mLeg ")

0.01 7 696
0.05 16 668
0.10 22753

0.50 24 840
1.00 12 850

2 100 mgf2 5 MR FEA S, 100 mLAERR, 10 mg/L Fe**
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B TCRTEA R HCL YR B2 45 115 T 78 32 15 R 3h FE )
BEAE AWML, 2555 TR 4, R 445K,

W % = x100% (3)

7 2.0~ 6.0 molV/L HCL ¥ W, Zr* I RE 4 F2 Jl5 2 £
FEART A A W B, W B % 4 o 95%, B HCL Mk T
% 8.0 mol/L, W Fff HFE 2 61.42%; Y3*, AIPY,
Mg 4 JLF 85 7 7E 2.0~ 8.0 mol/L HCI 1 A< A<
¥ N5 1R Eh B B AE W B ; Fed™fE 2.0~ 4.0 mol/L
HC1 Hp 56 AR 9t 72 5 R 56 3% W I8 A W B, B &
HC1 ¥ B T+ % 8.0 mol/L i, ¥ Ji5 R £k FE W Big A XiF
Fe il W B R T 2 15.69%. LA b 4% 3 55 0 245 % b
Oy E R B 4E AT A

F4 R HCUYR BE T 2 0 R £ S A IR A of ASE DLV YR v 2E T 3% A 0% i 3¢

Table 4 Adsorption rate of element in simulated solution by hydroxamate-based column at different hydrochloric acid concentration

WL B3/ %
c¢(HC1)/(moleL™")
7t v Fei* AP Zn2* Mg
2.0 99.68 0.18 1.44 0.24 0.32 0.58
4.0 99.32 0.42 1.56 0.62 0.22 0.99
6.0 95.44 0.44 8.31 0.97 0.53 1.22
8.0 61.42 0.05 15.69 1.39 0.37 1.04

TH: 200 mg 25 RRERHER G, 10 mLAHUIA W, 42 B 7 B I 477 10 mg/L

MR A DA b 25 5, A5 R FH 2 i R 2 35 A B A %o
97 dlifb it F o, AT LUK ZeCl, % 6 HCL I BE IR
W E 2.0~4.0 mol/L, SLH Zr* 5 Y3, Fe*r. AP,
Zn*" . Mg 55 B 43 B, 15 B 24k J5 1 3Ze W
25 EBBIMEREEN ZIHRMEE

PR HCL ¥R BE R 2.0 mol/L I 5144, ¥ 05
1% 5 AR BE AL X Zet i W B 25 R TR 1L, i A
AIAS, B R AR AR A T R Zet 1 Bl 2 B AR R
At 0.4 mL, HRHE(2) 78, o LIAF 5] 200 mg
i3 W2 5 A N A6 B i A R AR X Zet 11 3 2 0 B
e E ol 78.128 pgo 1l i i A ] A5 — S0 Ze 7

i F 7E 20~ 200 mCi( 1 Ci=3.7x10'° Bq), %} 1 1Y 5t

=

B
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200 mg ¥ 5 R b FE 44 15, p(Zr) =50 mg/L, 2 mL/min i #
B RS R S S A 7E 2.0 mol/L HCL ¥ L
X Zt A W B 11 22
Fig. 1 Adsorption curve of Zr*" in 2.0 mol/L HCl solution

by hydroxamate-based column

ol 1.864x1072~1.864 pg, 200 mg 35 fi5 W2 £h it bt
JIg X Ze W B R 3G K [ S g R v A S0 Ze
{77, R 200 mg ¥ 5 R R B A G 52 4 0
JESZrCl 15 T Ak 13 F2 X Zet A W B 7 e R
2.6 Zr HIBERRE

FE N R M BE () R Vi W T, R TS IR R R PR
B ESZe YRR T8 2. 18 2 45 B L0, Y i 1]
0.10~ 1.00 mol/L iR ¥ ¥ 1F A PR L ), Ze* A ARY
JE b B PR B 4 e — B, 1T 400 pL ¥ I B 22 BE A I
¥R 3K 10% Zr**, H:d 0.10 mol/L 1 0.50 mol/L &
P& V5 W AE T 400 pL A BRI BE R ok Ze*; i 1.2 mL
) R TR % R Ok O R 3 90% o TR L HE HEAT Zr 4l

100 - /<>/v 73—~
< 80 |
=
= 401
=
N 20t
" k W‘ I I I I J
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Fig.2 Elution curves of Zr elution of hydrochloric acid

solutions of different concentrations
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Fig. 3 Elution curves of Fe elution of hydrochloric

acid solutions of different concentrations

2.8 Zr*5 Y* Fe*' AP . Zn* Mg E LR N B
Ze 5 LR G m A B o B A R A Tk 5.
RSB RERY, TR LB AT, 2ot 5 HAlh
& B REAS S B A B, R BV rh A 4 SR AR
BTk B HET ICP-MS I 19 AS I A
29 ZrCLERARAEN T ZLEGRIE
ZrClL, AR (& A Zr*. Y. Fe¥', APY%)
IR B A B Zr, # R Zet 5 B R TR
BB, 8 W HCL & = 2.0 mol/L, JilA
o b B RS A R G R E A i AT, IR S 2.0 mol/L
HCL R ZER R A . BR Y3*, Fed*, AIPYEE 2% i A B %
i 18 6 BE AR i W B, 58 BSOZet 2ot 5 T E 4 8 T

5 5 Y, Fet, AP, Zn*, M@ R R
EFR NG R+ B I A b 4 g
Table 5 Separation of Zr*" and Y3, Fe**, A**, Zn*", Mg*" impur-

ities on hydroxamate-based resin column

JEE IR 580 % .
BT 2.0 mol/L HCI ULt
0.50 moV/L iyl HIITH/%
MR TR
Y 98.9 0.8 0.1
AP* 98.7 0.9 03
Fe¥* 96.4 33 02
Zn** 99.2 0.6 01
Mg* 99.1 0.7 0.1
Zr* 1.2 2.5 88.3 88.3

: 200 mgfR NG MR ARG, 4 JE B T B Wk 344 50 mg/L, K
{8 FH2.0 mol/L HCIHI 45 B8 T /K i VEM ARAL . 0.50 mol/L R

R e o e MR AT 25 2 7K A1 0.50 mol/L
B PRV W (MRS ZeCL, A5 4803 M [])) ¥ v
JEE AR B AR b A S0 Zet/Zet, 15 3 4l Ak I A S0 Zet 2ot
VSV, IR 25 350 40 WA 48 V0 9% 3 0 S0 Zet 1Y)
6 B, LA I 5 i e . FERSILI R 5 2lifb )5
Zet WA R B 200 T, R4 =X (4) FX(5),
A T A Al Ak AR R — 4 R e A S

[XlF DF #12:75 % DE,
DF = pio/pi 4
DE = 227P1 . 100% (5
Pio

K. DF. DE 5l hE—m R i L HFmA
1525 piow pi o3 A A h R VR K 2 Ak S VR
JUER i TR R, mg/L.

ZeClL BB & Zet" 5 Y3, Fe’'. AP,
Zn*", Mg %5 42 J@ 25 1, WBE AT Ze* R 2 5 o vk
FEY N 50 mg/L. 23t 200 mg #4252 £5 HE 4 g
FE, IF F 2.0 mol/L HCI wh P A A5 4, B 2= Y3+,
Fe S5 44 1, B J5 F 25 B8 F /K oh vk, fJ5 FH 0.50 mol/L
B VBB IS A B S0z et/ Zet 48 B Al Ak R 1Y
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Table 6 Decontamination coefficient and decontamination rate

of metal ions during purification

BT DF DE/%
Y3 1724 99.94
Al 1121 99.91
Fe** 1 468 99.93
Zn®* 2322 99.96
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