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Abstract: *Mo is an important nuclide widely used in nuclear medicine However, due to the safety
risks in the conventional process of producing *Mo by fission of highly enriched uranium, reliable
Mo production methods were developed. Column chromatography has great advantages in

#"T¢, and the key is the material of the column, whose adsorption capacity

separation of “Mo and
for Mo is related to the preparation of a new generation of molybdenum technetium generator in the
future. In this paper, the adsorption and separation of medical isotope Mo were reviewed, the

9MT¢ were introduced, and the

production method of *’Mo, the separation method of *Mo and
adsorption materials with certain adsorption effect on Mo were introduced, which provided a
reference for the future preparation of Mo-""Tc¢ generator by adsorption of Mo with low specific
activity.
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Fig.1 Two main ways of producing **Mo in the reactor

i 3 0 2 A 7R Mo AT = Ry R (A
UL g o 25 7 A A P T R

[13]

1% 475 JRE A 72 Moo 7 1 32 ) AR
26 BHE , AT BN M AR 7 R 2 4 ol G Tl



oM W RS BRI (R Mok B ) S B g it e 175
JH e e 205 A 010 A% B 0RO {Elﬂzﬁﬂﬁi%f/‘ P4, EL 1m0 i e g PR BN L BRAE D (E  (H AR

BB SR, 7 A At I I A 2R X G A

SR ey R 1°°Mo¥l£13*§7;zl°°Mo
Cym) Mo 2 M7 %05 ¥ B T o T A
TR, 4R 2 30% A AR, H A B TRUE W)
H3Z 77 1 14 Bl o 2 "Moo B 4 i 75 55k )
2 95%,#%&/@%5’37‘6?1_@0 =g [lE

R

3 70 JE D o 7% 0 AR L AR 7 T o 3
WIAR A, T BB R AR /D o FAR B T % S i
HE A 7= Mo, i 25 vT DLTE 7 SR Bh, R
B TSRS P I W /0, LT AT R e s ) 0 A
A, T O I S R e A A% ST AR
O B it (A 10 4 [ i, a0 ook 2D 1 s i 1 45 FE L T

A AT T 25 o R 4 Mo 0 (599%) 1 B U PR G B . Mo Y 2E 7R 07 X B T
B ifﬁ%mTc“X]o IT U A 77 AR T %1,
pijisvie
o [ ] 99
£ Mo o
s i :
A
RS Ay ME A AR T
sk 2%
=, -
~p »
I PR T IR H R AR Te
Y7y it
| T
B2 mEFEE"Mo IEEH=FAFR"
Fig.2 Three main ways of producing *Mo in the accelerator'”
1 "MoMEFTTE
Table 1 Production methods of Mo
AT
S HL A
pJlIBzE
2 thFEfL
AR MG TR R AERRAE R, R E MR R T, St TiE AL R TR, R R AR
PR SO, e el BRI IV AELIN 73
#kE PSUHEUSLEGA LEUSD . RIRS 2T W HEA Mo, LIMoOJE  BIVRATHHE' Mo % Tt #i sk
HAFTE. I 32 7772 Mo
K% ] Z5U(n, H”’Mo *Mo(n, y)"Mo "Mo(y, 1Mo
s 319 Mo HL I B 18 HL 3 FBURY D, & A/ NRA JUFA = HERCHEE Y, BN AS AT
SR HERFRTE /N $RVE {5
B CEE L, RBP4 RERRUTE A A% Mo FUIs AR, AL KRk A Mo Wi BEAIE, 'O Mo b B 18
%, %?ﬁﬁz%hﬁﬁﬂﬁ FEALIY P MofFTE . AHXFEL S
2 $HBENE TG 2 T 2 Mo LUSR BR 36 19 TE 30 1 3 1E 4R
21 HEEME PEAE b, 247 Mo B 4H 9 b w8 28 T I v 45 e b
FEJEHT 2 PMo-""Te 43 i e FH I — (P"TeOy ), A= B /K il o S A B AR I, S
Fhor B HE AR M 2 Bk i oy s DB R T TaS5mEmBRRE T KB T3c 6, Ik

Mo 1" Te 3 AN [ b4 Ak W B 3 0 7 1 2 5, it

T e PH: R T oK



176

W i & $37%

R AL R AE N Mo-"""Te & AR 2% 1 2 AT
FEM B 245 3 1)z T, (H 2 48 Ak 40 W B
e J1 78 BR (% BfF 25 2 S 2~20 mg/g), & b i &
*Mo T B 78 43 W B, i 1% B % P Mo W B A
2, DT 530 Mo 575 5 VB T ok 9™ Te i 5
PV B T8 AN B0 G PR T 5 vk B, D)5 ZE AR KR
AR AR AL AR I B AT o PR T T L T 1 Mo ] &
PMo-""Te % 1 4%, Wb 701 $2 5 W B b4 KL 3 Mo
) TR B 25 2

H i, Dowex-1x8 [ & 52 4 44 Jig . /K Pk
X AH 6 B A5 3% #4 I Caqueous biphasic extraction
chromatographic resins, ABEC) & F 32 & #J ig 1
T T 8 bR R 28 A R A 2 T 40 s A R O
Dowex-1x8 FJJ & 3¢ # W) fig 75 2 fif A WLV 51
PEAT IR, (A LI 70 25 5 5% B AE " Te 1 Yk M
W R AR TR S I A £ P it ABEC
i T LA 5 K Mo 1 9 9 v I B Te, fH
H =M o ey ol A v AR BB, HoA R 4 R fig
2%, )T HAE BE 2 U pg B P KRR BT
5 A5 AE R T TR B, B R M B IR, B AR
B T T Mo Te kAR R KRR BT
A R B O B TE T v R R A i W B R RL 8 T
LA K Mo-"""Te 43 85 (R A ALHE
22 BAHERE

12 45 1R ¥ 70 R B3 5 2 3 T 7 Te 7 K A
FAG ALY R Z 6] (%) 43 C, 40 fe i 0 R 2 5
il (MEKOP, DL K 4 75 b 3 = 56 78 1k 4%
(CTABYP 7 H B /R SR P70 4 L (H VR ) 28
Wk B A2 IR0 R BB, MEK &2 4% IR 5 [
fife, 77 AEAE A ALY TG e AR A . AR A R

T H A 53 & 7 vk R Nz, NS B
FIASE 21 Tl G ) KR FRALHS AT LA H o fHFE A HR
SRR T AL R, B A U
AR H B 2 L LR 20 3R, DT = B A
23 FAEE

THAE R P Mo F17"Te 1) 48 AL 4y 1 T4k
MR T2 S T FH B, THER B Mo Te
T 28 7 WK I 45 2 7 S2hr g FH Y, 5%
A 20%~25%. Bt 1 59 5F B BEAT (4 LA Te
(7= AR S T 2 50%7 . TR i Al LR 4 o [
AT 8, oW b Ab 3, skt 1 ik
A A, T LR A s AR AR R
1 L 35 18 Mo 1975 B A b, RE 1S 31 4l 3 A
(7" Teo (H HEAT TH4E i 7 T 5 10 2 8 K B g
R, T R TR A, B R Te B R
T, R AR B B ER g, B4 B AR A IR
1A 50%, BT LB R 6 JC AR R Mo A7 Te 43
B EERER,

g2 bRk, Stk HAEM L, A T 923 Mo
" Te B A RS A 7, ) A R A AR A
I B Mo 1E 24788 vk A 7 Mo i B A H R 2
—, B P Mo-""Te K A oy i H By 1 B0 i
LR B &2 TT Kk & Mo 17T (1
SEHR, F 2 WA T X Mo 57" Te 48 75
LR RS, v ULE A 0 B T
B, AEEATEA SR AR S KL, i
—REARIE RS UMEIE N B ok
TWFFE AR L3 B Mo ELAG 8 & th 4R 4 e 4
P 1 2 RS AR o

x2 "Mo-""Te HERARLLE

Table 2 Various methods used to separate #™T¢ from *’Mo

99M0_99mTc 99m-1-c%%*

SVEHA SrEeE % Jr Pt Y
HEME  Tsch 80~95 A FAE W AR E e B B G 1 Mol FiF A AT
)
ERIAERGE BUKYE 50~75 AR KM SEIAE S SRz, TR ATREAFTEA LTS I, AR
BLLEATR T Mo S
THek TR 30~50 AN [y 5 ] B4 A R B AN ] BA b e BB PE R B 2 B AR R

RSP, SYRUACRIR

3 WRBH#FHL

HE J2 B 5 43 85 Mo A1 Te 1Y 56 1E T )2
A A F10 R RS A6 Rk, DR b i s B RS A A Sy R S ¢
e R S B R B O B

31 EHAR

TCHLARL T oK b3 5 G Wy e [ 45 7
1B TE AL R X Mo B W B AL B I B R
B A R R T 4% A AR, A A AR



52 Wi BESE: 1 IR A 38 Mok B 43 5 BF 5 3k Jie

177

AR AT . L R AR R R DL — R H AR
JE BT 85 Mo A7 Te B9k R, VA T H B A
A2 e P TR B e R X R S TE ML T R 2R N A
F 5% %, B R R AE R v 25 5 A 45 AP TEE NI
R PH B R B S AR G A, TRl
T Mo #1177 Te 43 85 B,

Takahashi®™ #F 5% T i 8 481k 48 % Mo 4 1
FEE T . WEFE R IN, A ALERAE 400 °C T i 10 h,
SR FH s S 1 R R AL B 1 h, 2 1A X Mo 1 B
fE 1o DB pH X 4 A 47 W B Mo 4 5% i 1R
K. Denkova™ 4547 G 7 Wi F ELAT = 1L 2% T AR
1 LA B8 1 BE 53 51 MSU-X #l AL-TUD- 1,
AR T Mo-""Te &g . IR H L
R 15 1k AL B (AA) BEAT T b3, & Bl MSU-
X F1 AI-TUD-1 7 W BfF 2l g =7 F0 46 0 0 B 25
DT AA, Hp AI-TUD-1 4 55 R W ffF 25
O 112 mg/g, W B fE 1 02 AA B ORE B P A LA
o MG, FEVE R SEE R UM BB gk
Jii 40%~ 50% FY " Tc, T Mo B9 4t 2 Al L Z W%
i, B2 IZ AR " Te B I 28 2 A A

1 9 %Mo F1 " Te % 15 %% v 10 J2 W7 A e i
S R FHERIE 0 04 B 1E AT 3038, mT R 412 (4t 4 ek
50 1 il B, LR 1508 AR R 2 5
TUARFI IS 7 1% i 3% € . Indra Saptiamal 2 18 T
— i OB HR Y T 1 ok il i A AL U R A oK K
K B4 WY H I AR 9 oK Bk e B Ak ok AR
AIOOH 44K ER, SR J5 7F 500~ 1100 °C F #EA74&
Be o 2o ad X R Ak FEAS Y ALOs 9K BRI 3R
TE R R AL B AR BUER 3 i T 2~ 4 4% . /E N Mo
W B A0 FH T2 Mo-"""Te %& 4= 2§ ), £5 kb B 1Y
A FL ALO; 9 K BRXT LE K Ak BE () ALO; 44 K BR
FI F ALO; %Mo 22 81 1 25 2~ 10 % 1 W B
PERE, Ui A FL y-ALO, 44 K Bk B A 7 J *Mo-
T Sz e W B A A 9 A

Yoshitaka Fujita™® 3 B 8F 58 T A [ 14 45
T4 1) ALO; # B (=K 48 A L p-# 478 A Fi DLOR
A% Mo B W BF, 43 5 #% A G-ALOs. p-Al03
F1 B- ALOs, Jf 5 B& H & b 57 (M-ALOD #E 17 LE
o WFIE RN, Mo I 1Y TR 1 =, ALO; A1 %}
X Mo W [ E J185 . G-AlLO;. p-Al,O5, B-AlLO;
F M-ALO; 1Y W B 75 5 43 51| hy 58.4. 56.4. 74.1,
37.2 mg/g. Hirp b T LU KA B-ALO; X} Mo
{14 W B 8 7 s 0 T H At = Fh b1 RL, U A ALO;

I EEE I SR EAARK LR, BT 4l
9 SRS bR, o3 A b b R X Mo A R 4
14 W5 o i

{HFH T Wi B 7 i 4 b 28 A8 2 7= Mo Y
AL SR AR, T X Mo B I B AR
%, HE B A6 7 AS3: A ) 45 G FL TG ) " Mo-"""Tc
KR . PR, 38 U)FF ZE T TR A W AL R, L
R LIS B Mo B A HIZ . 1997 4F Tanase”
RIE T B A ALY (PZO X Mo 1 W [ 75
Al LLIk ) 200 mg/g. R AE, A & A B H iR
1% HR Ty 68 1k 19 S0k 0 b Bl 2 3K R T AIK L T
B PMo-""Te % H: #% (19 J2 7 kE b1 oREPY, {H X
LB B A R X Mo B 1 B W B T A A, R i
£ SRR B TR H S P Mo-""Te % Ak A 1 2
Pkt [T, 99K & 4 I8 AL 7 Mo-"""Te
b e e R0 G RGN P et NG (W O
Chakravarty™? 254338, 49K i y-ALO; % Mo H. £
e S5 1 3 R Pk, e K B 45 1 R (200+5) mg/g.
B Ak, 3 K BLEAT 340 m*/g [b 2% T AR A 40 K A
b5 (-0, P 1 LA 1 5 19 Mo 25 1 W [ fig
J1(>250 mg/g), SR X L A5 KL I A Tl IR

g5 BTk, LM R LR T L 2
P I AT E A R I S, AR R
U B Mo W% Bt A4 RE, T ALOS B4 BHE " Mo-"""Tc
KA@M s 7z, H N
B, HR Z A0 R8T I TG IR 52 56, o+
1 B3 B Mo 1 W% B 35 75 Bk — ik ik A A <
32 BHHHR
3.2.1 MOFs M Bl MOFs 4= Fx b 4 J& A HLHE
2R BA AT 2 LA R0 SR
#F. MOFs HLAT @& L & m AL, nl 8 45 FL A2 1 4%
S5, PRI AR BR B AN B PR AT AR B T B
FE A, 7E Mo W [ 7 T, MOFs .45 i B
JE— MR A AR, MOFs ] DLl i 7 5 He 2l
R 45 R R R AR G W B M RE L DA T S 3 X Mo
P14 35 8 R A

Ma 25" B8 T Ui0-66 I H Iy RE LA 24 )
CI& 3% Mo 19 W% B E 1 o 40 5 FI X 2 — |
PR . 2-fiF 3 % R FE R A 2-B X R U H R
Be fA, AR O A 38 19 5 75 G B Ui0-66 K HAATT
¥ Form-Ui0-66., Ui0-66-NO, ., UiO-66-NH,. fJf
%% 2 1, Ui0-66-NH,. Ui0-66-NO,. Form-UiO-66
1 UIO-66 14 1 F1 25 & 43 il 3k 3] 142, 225, 293,



178

[ &R #3748

C00C
Zr O N H

3 Ui0-66 1 UiO-66-NH, MOF %5 # o iy 0%, Bit {ir g 12
Fig.3 Adsorption sites within the UiO-66 and UiO-66-NH, MOF structures'*”!

334 mg/g. UiO-66 K& HH g fb it A=W HA 5%
£ Mo W fif 1 fiE , & UiO-66-NH, () 2 135, ¥ T K
285 4 S A I R R S

T 4 ) 45 B9 Ze 5 MOFs 75 Mo-"""Tc
KA AR, 64 T Form-UiO-66 15 4" Mo-
PTe K A A S SR, AN 4 R, T B Mo
J& » 1100 mL A= B3 7K vh e A, I S B 3 A
W B oA 145 mg/g. 3K FR I B 25 & R AL S Ak
BRI B AR T A LA L

B4 HELENEEEREMBEEM

Fig.4 Schematic diagram (left) and a photo (right)

of the Teflon column'"

Xt " Mo-"""Te % Az % i Yk 1 1k B8 4T 4 3
6 d MIFAl, YRS S F 3R 3. FTLLE M, AT
WP Te 1Y P 2R 249 R 60%, Bl 5 JL K 2" Te By
VR I>T70%. 4 PRI W TP Ze (1% 5 AR
T ICP-OES B #&: i} FR (<10 ppb). i 76 " Te %

# 3 Ui0-66 % ”Mo-""Tc & £ 8 6 d Byt Bt & 55"
Table 3 Elution parameters of the Form-UiO-66 in
“Mo-""Tc generator over a period of 6 days“”

PBREUd  VRRY%  PMoZEE A% Zris A ik /ppm

1 61.4 1.1 0
2 57.6 1.2 0
3 76.2 1.2 0
4 73.1 1.3 0
5 71.2 0.9 0
6 74.7 1.3 0

it 75 W P Mo 1 B R A4 R 1.2%, = T E bR 2y
B CTP) <0.1%C B P B3 rF Mo 1 5 5k o HE AR 1S
A Te B 0.1%) 1Y I R A4 1 1 L
Form-UiO-66 {1 35 75 #: #9 Mo-""Tc & 4= # #
VR fE UL Ak IS A e I H I IR

Chao Ma™ % 78 W} 5% T 4 5 42 Jm A HLE 28
Ui0-66( Ce) 1 g W B 44 k76 P Mo-""Tc % A= %
WIWE Ty, FLWR B SR T RIS, A 1,4 R 2%
Fi% Wi 5 il PR i A B T UH0-66( Ce), 12 W [ 44
FHE pH=3 I X Mo B W% B 4 A 3k 475 me/g. LA
Ui0-66( Ce) iy W B b4 Ht il 7 1 2l 25 W BiE A%, JF:
TE 1702 Mo J& #EAT T Ve S5, e i e
AN (923) %, P I Mo 1 & 24k
0.2%~ 0.3%, W% {5 T [E R 245 38 5 i 20K (<
0.1%), PEBLER H Ce AYF 1 Al LI ZWE AT, Ut
] Ui0-66( Ce) 1 2 Mo-"""Tc % 4= #% W Ff} #1 K}
HAEBERE .

EHHMOFs &
w 99M0 2 99mTc ‘

5 UiO-66(Ce) W Bt o B 2 E !
Fig.5 UiO-66(Ce) adsorption roadmapml

KT IGE A BT PRIk 4: J8 A HLE A
#1 B (PCN-222 Fil PCN-224, [ 6), 7497 T HAE
S BRI T Mo-"""Te & 4k 2% T RETE,



179

2 Wi 4. BE A 2 Mol it 43 8 R 5 30 Jre

,’-.\NI.Z nm
R

. * ’ 3.7 nm ‘

EL 7\
g t‘* .‘,.\..-_/‘..‘
Zr clusters 8- ted % of H
+u T < connecte . :
e
s P OO o s 2

o Ve ::‘.*«‘:I‘ 5k g
6-connected *»—’:—"‘:‘-""?

B 6 PCN-222 F1 PCN-224 #) & & 2 4%
Fig.6 Crystal structure of PCN-222 and PCN-224™"

PCN-222 Fl PCN-224 XF Mo 4 % K W i 75 5 43 31
h 525 mg/g Fil 455 mg/g. A T #F— 2% % PCN-
222 I PCN-224 1£"°Mo-""Tc &A= 2§ i Fiml 17
P, %Mo HEAT T W B, 8 25 0 B 4 43 3 AT ok
365 mg/g 1336 mg/g. {H & PCN-222 il PCN-224
Xt Te VB R AN B, 2 20k 30% A 8%, FE
Ve 23 o 2498 2% 19 Mo, w5 T [ Br 24 i (1P)
TR 0.1%. U8B Ik 4 JE A7 HLAE 22 7] LIAE N
— v £ 1 Mo W B R RE, {HL 3k B8 552 56 38 5
— LAt

L5 b BTk, MOFs M %% F H: b #4 kL X Mo
LA AR 5 1) W B 7 e, i — v 7 19 7 Mo-""Te

CH,OH CH,0OH
0 0O 0 0O
NH; o NH;

O\C/
H/i .
H\C
/0
Ni,t O -
%Of H3N CH,OH
¢ 0
CH,OH

MPCM

K E R FTAE AR, (E R Te B vk B SR R
v, FLUE DG W v Mo A ik B [ B 24 i iy 5
KK, 7 34T i — 20 TR A B T AL o
322 WARWL AR FE Mo B 43 B R 44k
T, PR LA W B K T A B
A L A3 B T R,

ZE AL A BESE T — Fh D30IR %L B B 1
LRI NG, TR O — LA IR AR EEA
55 1 5 A1 1 ELAT R AL 454 A 55 B B 8 - 28 46
B AE, T s Tl 2 R 8 . mE R R W,
D301R % B B 1 48 e i Jig 78 pH=2.5 5 it 4 1)
W2 o 2550 SR A 4, AR R B o AT 3K 1020 mg/g, fiff
JH NaOH ¥ W 15l B 38 i 2840 v 3k 91.3%, {H
J7 FH T B Mo i 75 7 — 2 8 5% . Hasan'* 3%
T — o o 5T RO N T A IR A 0 T
LA A M B (OMPCMO B 189 )5 75, o FF AR
PMo-""Tc % A= %% o 15 55 1 S8 AL 58 W BT 41 B <
MPCM ¥ fig J& — B 2 LA Kb, B AT Tid 48 5 | i
e S Sk g, OF F BE AN 23 A A Wy BB A
24 %Mo Bl W B BB A L, 20 5 708 75 A 0 0 B R
PO, GG K i 45 A N S8, LU i R
PR K vk 2R |7 S MPCM B g 1%
Mo KT i S BEALEL, RI7E %R A) pH F, MPCM
B e LT A NH;', 530 NH; 5 40 B B8 1 =2 1] 4
B | 3, AT A Mo W B AE AR L

MPCM—-Mo

7 MPCM # fi5 IR Bt 4R 9 7T B [ Rz 4122 1

Fig.7 Reactions mechanism for the adsorption of Mo(VI]) onto composite resin from aqueous solution

Chattopadhyay"* 42 T Hasan i T/E (& 8),
i % s s Bk S RIS 2] T CCM A1 8}, Xt
Mo W {75 5 29 4 500~ 600 mg/g, 4 Fi k7K vk
R i ALFT Mo & 83/ T 10 pg/mL, ™ TcO,”
[ A ST M A% 3R 4l R F 99.99%, il JE 4% 2 i
P VG R BRI BB A i T LA

146]

I8 T Mo-""Te % A 2 (1 2T HE R R

A HURRE AT LA G B AR 46 4 Bl 2 fig
P, 52 B0 Mo (19 Ty 19 26 1 G BF , % 2 2 AH
BT ICHLA R O, e L B EIL T
Y. R A S B AR AR B T LA R
WM A, 7o 2 AR Z AR R, A4 pH. i



180

[ &R $37%

BE B WRESE, HAr R A YA R Mo Y
R FH B/, A I S8 O P S 56 v e T E—
BRI

CCM{EpH=3

F 4% 1 T IR B

4 h Mok
TR E A

8 ETF CCM H”Mo-""Te % 4 25 il &5 R &2 &
Fig.8 Schematic diagram of’Mo-"""Tc generator

preparation based on CCM™

3.3 AR A R

AR, TR R B O A 5 R R A
SKOH 253G =, AW AR DL AL SRR L BR
W AT LR SR BT S R T AT 56 1R,
A= W) 5T K 3 ) A () R B R 1 43 BB, R
4 BE % R PR IR 1 2 o 1 Y

FCRME L — B KR A FARE, 5T M
FEAE R R 5 RIS B A, AR
R 47 1 W B P i T H AT BUAS AR L T A ) R
fift i 45 5 D7 Brion-Roby %5 5% ] — fih 4 5,
LA T 1 i 5 1 78 RBE WL AL RL, BRI 5 2R A
1E 160 °C T #EATINHA, #EH] 2 W #EAT D%, 153
B9 W B A 6 S K W B o Dl 123 mg/g, & T K
AR R LBk, B AR EMAR D, AT
KA A 2 KA B o H R B0 F 2 75 A AR
FH T W BB A 00 5 B Mo, R 308 4 H9F 58

100 a

80
60
40

R P /%

20

0

0.5 1.0 1.5 2.0 2.5 3.0
&l bL/(mg-mL )

% 4 8 Ty W i, HL AT DLFE 5T SOME U TR P OE Y
P L IE T BRI DY W, A 4R i 5T R b
U W R M, R BB A R R B Mo 4R it T
B

Namasivayam % 5 ) MR 75 h $ B T 2F 4k %
YE R Mo 19 W BRERA R o I B 5 3 T 0
F 75 dot B = F L VR Ak B ot S R AR S A
W % BEE A R 25 B Moo 1% AR W0 W B B L X Mo
) W2 FfE 25 R 57.5 mg/g, R K AR A2 W b RE W RS
Mo #2487 2% . Zhang %507 3l i 57 55 H AR Ak
TR TR YAk 1 105 21 4 2 1k (MCGAD .
pH 9 2 I XF MoC VI il ReC VD fé W5 B 43 51 4
134.05 1 27.96 mg/g, 73 15 B F (Bygorre) 7E 5.23~
735.53 3 [ P9, & 3 M I Mo-Re ¥ W
Mo VD) it ReC VID f 45 5 #4 K} . 1 "Mo-""Te 43
A W B S 56 8 B Re AR EF Te HEAT, X &
T ReO, Ml TcO, B F 78 R ~F fnBEfb M i b B i
JE AR, HL™Te A i Sk, BRI 98 S
Re 1E A Te (9 A5 505 PR B AC D 047 52 56, ki
LUt R P Mo-"""Te Zr BRI T — 2B %,

T A= 0 W B A ) v, G A — A 1 A i
FEENERE—EYREST YRR, 7K
2 RE PR A 5T T AR 2 9] LA T 4 B Mo-
Re I8 2E W) 5228 2 W) b4 RE, 9 Gl 577 | RS AT
JRARE o B0 SR FH M A IR X A s AT A2
ket 15 21— b T R 0 BRI CPTEY . BFSE CPT
X Mo F 2B A4 8, WF9¢ & 8L CPT X Mo HA
PEFEPE, Mo-Re 73 B 2 0 5 (Byore = 164.37)
AN, A & A 38 5 X 5 Mo-Re 19 Tl 5 K i
Mo #1477 L BRFI43 85, KL 9 thal LUF 76 8}
W EL/N T 1.5 hy MoC VD JLF-58 4 W Fff, 17 Re JL-F
AT B BfE, BB T 3L 5 1 Mo-Re 4 BS B ) .

2 Je R AL SO A BT A S SR AT

100 b

. Mo(VI)
801" Re(VI)
601 mm Fe(VII)

40

W P 2 /%

20

0

0.5 1.0 1.5 2.0 2.5 3.0
i bL/(mg-mL ™)

9 CPT #E B xt 5 Fh T Al B 7k mh 4 481 L Bk 0 Sk G TR B 22 1)

Fig.9 Adsorption rates of molybdenum, rhenium and iron in two industrial waste water by CPT ge

1[581



52 Wi BESE: 1 IR A 38 Mok B 43 5 BF 5 3k Jie

181

bk, 8 3] T NH,-CPT™ . #F %8 T NH,-CPT #t
JIEAE AN [R) 46 2 e 5 T % 4% P 4 R B 1 1R W BRE A T
Ko &I NH,-CPT % Mo H. 4 &5 09 26 #1 /1,
MiXF Re( VD, CuC 1), FeC), Mn( VID A1 ZnC 1)
WA ER T . X Mo Y 5 KW B 54 172 mg/g.
gi b, ) A R B 2 A0 A, T DU 3
A, MORLER G O B T LS H AR s
RASE RN E Re A . (B AR TR RS 7E
Ui A5 0 B I A, 1) A0 U L TR R L BRAESE,
] fil 25 2% I 48 18 & AR W 000 IR, T Bk
PR RAF AR VR0 A= ) b kY, O 3 AT A
4 T Ak B, ) G 2 T A L 5C BRAE O R OR 2
HAa ek sk .

4 RE

B % A% 15 2 1 &, 5 )32 Mo i 7
SRALK 5 AR, Rk, AR R LIS E Mo K
Vi g 478 1 A 77 Mo 19— R AR R, T % 48
1) 24 A48 15 BT ) A8 Ak 0 VR SR A ek iy I B 2
FR, WACBIF 5 W B 25 1 v L T A0 LA TR FF Ao Ak
% i s F IR 28 0 R B 0K A %, (R B I BB
F1E e PRI R, I R AR Ve B8 Mo 1
&R . MOFs b RHE Mo (56 I T X2 8l )
I 19 i RS PR R B R R RN A R 2
7E 300~ 500 mg/g, b MAE HE 15 FE Mo 75 W il 45
PMo-""Tc & A= A B B FHARAL T 07 1) . B 2
2 PR A% 2R T oK A K R R 1Y R R, W
O3 B8 7 1 B TR B2 IR R 19 4y S A gl Ak b &
FET M EZ AR

5% Lk

[1] Charlton K. The supply of medical radioisotopes. 2016
medical isotope supply review: Mo/*™Tc market
demand and production capacity projection 2016-
2021[R]. Boulogne-Billancourt: OECD/NEA, 2016.

2] ZEM, iz, R, 5. BB E AR

Mo/ Te A= SRR ERLD). JE TP #IFE, 2019,
36(2): 170-183.
Li Ziwei, Han Yuncheng, Wang Xiaoyu, et al. Production
status and technical prospects of medical radioisotope
99M0/99“‘TC[J]. Nuclear Physics Review, 2019, 36(2):
170-183(in Chinese).

[3] Hasan S, Prelas M A. Molybdenum-99 production

99m,

pathways and the sorbents for "Mo/*"Tc generator

[10]

[11]

[12]

systems using (n, y) “Mo: a review[J]. SN Applied
Sciences, 2020, 2(11): 1782.

fifi, XK, SRBL. R RAR AR 7 4099 R IYLE
RN [, 2018, 31(3): 157-164.

He Yao, Liu Fei, Zhang Rui. Production techniques of
fission molybdenum-99 via highly enriched uranium: a
review[J]. Journal of Isotopes, 2018, 31(3): 157-164(in
Chinese).

Alfaro I, Molina L, Gonzalez P, et al. Silica-coated
magnetite nanoparticles functionalized with betaine and
their use as an adsorbent for Mo(VI) and Re(Vll) species
from acidic aqueous solutions[J]. Journal of Industrial
and Engineering Chemistry, 2019, 78: 271-283.

Wang J, Gao R, Huang Q, et al. Practicality of
hierarchically macro/mesoporous y-Al,O5 as a promising
sorbent in the preparation of low specific activity
9Mo/”™T¢ generator[J]. Applied Radiation and Isotopes:
Including Data, Instrumentation and Methods for Use in
Agriculture, Industry and Medicine, 2021, 178: 109986.
Matyskin A V, Ridikas D, Skuridin V S, et al. Feasibility
study for production of mTe by neutron irradiation of
MoO; in a 250 kW TRIGA Mark I reactor[J]. Journal
2013,

of Radioanalytical and Nuclear

298(1): 413-418.

Chemistry,

Blaauw M, Ridikas D, Baytelesov S, et al. Estimation of
Mo production rates from natural molybdenum in
research reactors[J]. Journal of Radioanalytical and
Nuclear Chemistry, 2017, 311(1): 409-4138.

Gaete J, Molina L, Alfaro I, et al. Recovery and
separation of rhenium and molybdenum from aqueous
solutions that simulate mine waters using magnetite
nanoparticles functionalized with amine-derivative
groups[J]. Minerals Engineering, 2019, 136: 66-76.

Wu H, Kim S'Y, Miwa M, et al. Synergistic adsorption
behavior of a silica-based adsorbent toward palladium,
molybdenum, and zirconium from simulated high-level
liquid waste[J]. Journal of Hazardous Materials, 2021,
411: 125136.

Wolterbeek B, Kloosterman J L, Lathouwers D, et al.
What is wise in the production of “Mo? A comparison of
eight possible production routes[J]. Journal of Radio-
analytical and Nuclear Chemistry, 2014, 302(2): 773-
779.

PR lE, MO, XA, A R AL 3R A 7 BUIR B B A
B[] [ &, 2016, 29(2): 116-120.

Gao Feng, Lin Li, Liu Yuhao, et al. Production situation

and technology prospect of medical isotopes[J]. Journal


https://doi.org/10.1007/s42452-020-03524-1
https://doi.org/10.1007/s42452-020-03524-1
https://doi.org/10.1016/j.jiec.2019.06.002
https://doi.org/10.1016/j.jiec.2019.06.002
https://doi.org/10.1007/s10967-012-2381-y
https://doi.org/10.1007/s10967-012-2381-y
https://doi.org/10.1007/s10967-016-5036-6
https://doi.org/10.1007/s10967-016-5036-6
https://doi.org/10.1016/j.mineng.2019.03.006
https://doi.org/10.1016/j.jhazmat.2021.125136
https://doi.org/10.1007/s10967-014-3188-9
https://doi.org/10.1007/s10967-014-3188-9
https://doi.org/10.1007/s10967-014-3188-9
https://doi.org/10.7538/tws.2016.29.02.0116
https://doi.org/10.7538/tws.2016.29.02.0116

182

W i & $37%

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

of Tsotopes, 2016, 29(2): 116-120(in Chinese).

FRENEL . B B v 38 4 448 7)Mo 7 A AT
W5 [D]. Life: v BB (R B LR
T ETFFERD, 2021.

Silari M. Applications of particle accelerators in
medicine[J]. 2011,
146(4): 440-450.

Ruth T J. The shortage of technetium-99m and possible

Radiation Protection Dosimetry,

solutions[J]. Annual Review of Nuclear and Particle
Science, 2020, 70: 77-94.

Stepinski D C, Youker A J, Chemerisov S D, et al.
Development of Mo recovery and concentration column
processes for production of *Mo from accelerator-driven
irradiation of aqueous uranyl-sulfate solution[J].
Separation Science and Technology, 2020, 55(7): 1317-
1329.

Mang’era K, Ogbomo K, Zriba R, et al. Processing and

99 .
"Tc in

evaluation of linear accelerator-produced *Mo/
Canadal[J].
Chemistry, 2015, 305(1): 79-85.

Meléndez-Alafort L, Ferro-Flores G, De Nardo L, et al.

Journal of Radioanalytical and Nuclear

Internal radiation dose assessment of radiopharmaceu-

ticals prepared with P Ted].

Medical Physics, 2019, 46(3): 1437-1446.

cyclotron-produced

Mare§ K V, John J. Recycling of isotopically modified
molybdenum from irradiated CerMet nuclear fuel: Part
1 —Concept design and assessment[J]. Journal of
Radioanalytical and Nuclear Chemistry, 2019, 320(1):
227-233.

Chattopadhyay S, Das S S, Das M K, et al. Recovery of
#"Tc from Nay["Mo]MoO, solution obtained from
reactor-produced (n, y) Mo using a tiny Dowex-1
column in tandem with a small alumina column[J].
Applied Radiation and Isotopes, 2008, 66(12): 1814-
1817.
Metello L F.

#MT¢-technetium shortage: old problems

asking for new solutions[J]. Journal of Medical Imaging
and Radiation Sciences, 2015, 46(3): 256-261.

Rkl o 7 7 P ) 387 Te Bk 53 B 4idk
WFFE[D]. 22 22 MK, 2022.

Chattopadhyay S, Das M K, Sarkar S K, et al. A novel
#mrg delivery system using (n, y)ggMo adsorbed on a
large alumina column in tandem with Dowex-1 and AgCl
columns[J]. Applied Radiation and Isotopes, 2002,
57(1): 7-16.

Wojdowska W, Pawlak D, Parus J L, et al. Studies on the

separation of #"T¢ from large excess of molybdenum[J].

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Nuclear Medicine Review Central & Eastern Europe,
2015, 18(2): 65-69.
Martin T M, Harahsheh T, Munoz B, et al. Production of

99y ;99
Mo/"™

Tc via photoneutron reaction using natural

10\Mo: Part 1, theoretical

molybdenum and enriched
analysis[J]. Journal of Radioanalytical and Nuclear
Chemistry, 2017, 314(2): 1051-1062.

Taskaev E, Taskaeva M, Nikolov P. Extraction generator
for [’™Tc] sodium pertechnetate production[J]. Applied
Radiation and Isotopes, 1995, 46(1): 13-16.

Dallali N, Ghanbari M, Yamini Y, et al. Liquid-liquid
extraction of ultra trace amounts of technetium produced
by Mo (p, 2n) *™Tc¢ nuclear reaction in cyclotron[J].
Indian Journal of Chemistry Sect A: Inorganic, Physical,
Theoretical & Analytical, 2007, 46: 1615-1617.

Boyd R E. Technetium-99m generators —the available
options[J]. The of Applied
Radiation and Isotopes, 1982, 33(10): 801-809.

International  Journal
Gerse J, Kern J, Imre J, et al. Examination of a portable
Mo/ T¢ isotope generator/SUBLITECHR/[J]. Journal
of Radioanalytical and Nuclear 1988,
128(1): 71-79.

. TCHLRH S T SRR B P B & T P se
FBLEIRESE[D]. FTM - #IVLRAE, 2022.

Pechishcheva N, Korobitsyna A, Ordinartsev D, et al.

Chemistry,

Effective simultaneous separation of copper (II) and
molybdenum(VI) from rhenium(VIl) by adsorption on x-
alumina[J]. Separation Science and Technology, 2022,
57(2): 180-191.

Takahashi S, Shikata E, Amano H. Studies on
fundamental properties of alumina adsorbent for
radioisotope production[J]. Journal of Nuclear Science
and Technology, 1970, 7(3): 130-136.

Chakravarty R, Ram R, Dash A, et al. Preparation of

. 995 £ 99
clinical-scale = Mo/ ™

Tc column generator using neutron
activated low specific activity “Mo and nanocrystalline
v-Al,O; as column matrix[J]. Nuclear Medicine and
Biology, 2012, 39(7): 916-922.

Denkova A G, Terpstra B E, Steinbach O M, et al.
Adsorption of molybdenum on mesoporous aluminum
oxides for potential application in nuclear medicine[J].
Separation Science and Technology, 2013, 48(9): 1331-
1338.

Saptiama I, Kaneti Y V, Suzuki Y, et al. Template-free
fabrication of mesoporous alumina nanospheres using
post-synthesis water-ethanol treatment of monodispersed

aluminium glycerate nanospheres for molybdenum


https://doi.org/10.7538/tws.2016.29.02.0116
https://doi.org/10.1093/rpd/ncr243
https://doi.org/10.1146/annurev-nucl-032020-021829
https://doi.org/10.1146/annurev-nucl-032020-021829
https://doi.org/10.1080/01496395.2019.1591448
https://doi.org/10.1007/s10967-015-3997-5
https://doi.org/10.1007/s10967-015-3997-5
https://doi.org/10.1002/mp.13393
https://doi.org/10.1007/s10967-019-06456-2
https://doi.org/10.1007/s10967-019-06456-2
https://doi.org/10.1016/j.apradiso.2008.07.001
https://doi.org/10.1016/j.jmir.2015.07.003
https://doi.org/10.1016/j.jmir.2015.07.003
https://doi.org/10.1016/S0969-8043(02)00080-5
https://doi.org/10.1007/s10967-017-5455-z
https://doi.org/10.1007/s10967-017-5455-z
https://doi.org/10.1016/0969-8043(94)00098-K
https://doi.org/10.1016/0969-8043(94)00098-K
https://doi.org/10.1016/0020-708X(82)90121-1
https://doi.org/10.1016/0020-708X(82)90121-1
https://doi.org/10.1007/BF02167027
https://doi.org/10.1007/BF02167027
https://doi.org/10.1080/01496395.2021.1891436
https://doi.org/10.1080/18811248.1970.9734657
https://doi.org/10.1080/18811248.1970.9734657
https://doi.org/10.1016/j.nucmedbio.2012.03.010
https://doi.org/10.1016/j.nucmedbio.2012.03.010
https://doi.org/10.1080/01496395.2012.736443

52

Wi $E%. 12 F IR 07 2 7 Mo Bt 43 5 WF 5 3k

183

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

adsorption[J]. Small, 2018, 14(21): €1800474.
Fujita Y, Seki M, Sano T, et al. Effect on “Mo-

99 . .
m of alumina with

adsorption/” " Tc-elution properties
different surface structures[J]. Journal of Radioanalytical
and Nuclear Chemistry, 2021, 327(3): 1355-1363.
Tanase M, Tatenuma K, Ishikawa K, et al. A *™Tc
generator using a new inorganic polymer adsorbent for
(n, v) 99Mo[J]. Applied Radiation and Isotopes, 1997,
48(5): 607-611.

Van So L, Nguyen C D, Pellegrini P, et al. Polymeric
titanium oxychloride sorbent for 188 nuclide pair
separation[J]. Separation Science and Technology, 2009,
44(5):1074-1098.

Chakravarty R, Shukla R, Ram R, et al. Practicality of
tetragonal nano-zirconia as a prospective sorbent in the
preparation of Mo/ Tc generator for biomedical
applications[J]. Chromatographia, 2010, 72(9): 875-884.
Masoomi M Y, Morsali A, Dhakshinamoorthy A, et al.
Mixed-metal MOFs: unique opportunities in metal-
organic framework (MOF) functionality and design[J].
Angewandte Chemie (International Ed in English), 2019,
58(43): 15188-15205.

Ma C, Vasileiadis A, Wolterbeek H T, et al. Adsorption
of molybdenum on Zr-based MOFs for potential
application in the *Mo/"Tc generator[J]. Applied
Surface Science, 2022, 572: 151340.

Ma C, Wolterbeek H T, Denkova A G, et al. A cerium-
based metal-organic framework as adsorbent for the
Mo/
Technology, 2022, 295: 121218.

Ma C, Wolterbeek H T, Denkova A G, et al. Porphyrinic

M Te generator[J]. Separation and Purification

metal-organic frameworks as molybdenum adsorbents for
the “Mo/®"Tc generator{J].

Frontiers, 2023, 10(8): 2239-2249.
Chen H, Shao D, Li J, et al. The uptake of radionuclides

Inorganic  Chemistry

from aqueous solution by poly (amidoxime) modified
oxide[J].
Journal, 2014, 254: 623-634.
e, T AH, BRIE, 45, D301R B i W B - W 4H 11
FroAtsE[]. e ik s, 2006, 25(10): 102-104.

Gong Lisheng, Wang Jiaheng, Chen Juan, et al. Study on

reduced graphene Chemical Engineering

performance of adsorbing and desorbing molybdate by
D30IR anion exchange resins[J]. Chinese Journal of
Analysis Laboratory, 2006, 25(10): 102-104Cin Chi-
nese).

Hasan S. Preparation of chitosan based microporous

composite material and its applications: US, 8911695B2

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[P]. 2014-12-16.

Pérez-Calderon J, Santos M V, Zaritzky N. Synthesis,
characterization and application of cross-linked
chitosan/oxalic acid hydrogels to improve azo dye
Red 195)
Functional Polymers, 2020, 155: 104699.

Chattopadhyay S, Das S S, Alam M N, et al. Preparation

(Reactive adsorption[J]. Reactive and

of ®Mo/”"Tc generator based on cross-linked chitosan
polymer using low-specific activity (n, y)%Mo[J]. Journal
of Radioanalytical and Nuclear 2017,
313(3): 647-653.

Mishra S, Cheng L, Maiti A. The utilization of agro-

Chemistry,

biomass/byproducts for effective bio-removal of dyes
from dyeing wastewater: a comprehensive review[J].
Journal of Environmental Chemical Engineering, 2021,
9(1): 104901.

Jain M, Garg V K, Kadirvelu K. Adsorption of
hexavalent chromium from aqueous medium onto
adsorbents from  waste

carbonaceous prepared

biomass[J]. Journal of Environmental Management,
2010, 91(4): 949-957.

. S ) Ay R R o B AR | BRAYFA T
2155 [D). YEFR: LR, 2011

Bertoni F A, Gonzalez J C, Garcia S 1, et al. Application
of chitosan in removal of molybdate ions from
contaminated water and groundwater[J]. Carbohydrate
Polymers, 2018, 180: 55-62.

Budnyak T M, Tertykh V A, Yanovska E S, et al.
Adsorption of V(V), Mo(Vl) and Cr(VI) oxoanions by
chitosan-silica composite synthesized by mannich
reaction[J]. Adsorption Science & Technology, 2015,
33(6-8): 645-657.

Chao L, Wang Y, Chen S, et al. Preparation and
adsorption propertiesof ~chitosan-modified magnetic
nanoparticlesfor removal of Mo(Vl) ions[J]. Polish
Journal of Environmental Studies, 2021, 30(3). 2489-
2498.

Brion-Roby R, Gagnon J, Nosrati S, et al. Adsorption and
desorption of molybdenum(Vl) in contaminated water
using a chitosan sorbent[J]. Journal of Water Process
Engineering, 2018, 23: 13-19.

Namasivayam C, Sureshkumar M V. Removal and
recovery of molybdenum from aqueous solutions by
surfactant-modified  coir

CLEAN-Soil, Air, Water,

adsorption  onto pith, a
lignocellulosic polymer[J].
2009, 37(1): 60-66.

Zhang M, Du J, Dong Z, et al. Recovery and separation


https://doi.org/10.1002/smll.201800474
https://doi.org/10.1007/s10967-021-07616-z
https://doi.org/10.1007/s10967-021-07616-z
https://doi.org/10.1016/S0969-8043(96)00320-X
https://doi.org/10.1080/01496390902728819
https://doi.org/10.1002/anie.201902229
https://doi.org/10.1016/j.apsusc.2021.151340
https://doi.org/10.1016/j.apsusc.2021.151340
https://doi.org/10.1016/j.seppur.2022.121218
https://doi.org/10.1016/j.seppur.2022.121218
https://doi.org/10.1039/D2QI01919A
https://doi.org/10.1039/D2QI01919A
https://doi.org/10.1016/j.cej.2014.05.091
https://doi.org/10.1016/j.cej.2014.05.091
https://doi.org/10.3969/j.issn.1000-0720.2006.10.027
https://doi.org/10.3969/j.issn.1000-0720.2006.10.027
https://doi.org/10.3969/j.issn.1000-0720.2006.10.027
https://doi.org/10.1016/j.reactfunctpolym.2020.104699
https://doi.org/10.1016/j.reactfunctpolym.2020.104699
https://doi.org/10.1007/s10967-017-5315-x
https://doi.org/10.1007/s10967-017-5315-x
https://doi.org/10.1016/j.jece.2020.104901
https://doi.org/10.1016/j.jenvman.2009.12.002
https://doi.org/10.1016/j.carbpol.2017.10.027
https://doi.org/10.1016/j.carbpol.2017.10.027
https://doi.org/10.15244/pjoes/130039
https://doi.org/10.15244/pjoes/130039
https://doi.org/10.1016/j.jwpe.2018.02.016
https://doi.org/10.1016/j.jwpe.2018.02.016
https://doi.org/10.1002/clen.200800130
https://doi.org/10.1002/clen.200800130
https://doi.org/10.1002/clen.200800130

184

W i & $37%

[58]

[59]

of Mo(VI) and Re(VI) from Mo-Re bearing solution by

Gallic  acid-modified  cellulose =~ microspheres[J].
Separation and Purification Technology, 2022, 281:
119879.

Xiong Y, Chen C, Gu X, et al. Investigation on the
removal of Mo(Vl) from Mo-Re containing wastewater
by chemically modified persimmon residualJ].
Bioresource Technology, 2011, 102(13): 6857-6862.
LouZ N, LiY X, Ren F Q, et al. Selectivity recovery of

molybdenum(VI) from rhenium(Vl) by amine-modified

[60]

[61]

persimmon waste[J]. Rare Metals, 2016, 35(6): 502-508.
BRI, EEEE, IMEVN L, 55,y SRR BRI 2 Bt
FEHERLT]. B4 AU A4, 2023, 14(2): 1-8.
Wei Tuantuan, Wang Huirui, Sun Yanxiaofan, et al.
Research progress on degradation of polysaccharides by
y-ray irradiation[J]. Journal of Food Safety & Quality,
2023, 14(2); 1-8(in Chinese).

XL . 5C SROME AR S B e S HC = W I 52 [D]. &
b WIRIAR LR, 2008.


https://doi.org/10.1016/j.seppur.2021.119879
https://doi.org/10.1016/j.biortech.2011.04.040
https://doi.org/10.1007/s12598-014-0289-0

	1 钼生产
	2 钼锝分离
	2.1 柱层析法
	2.2 溶剂萃取法
	2.3 升华法

	3 吸附材料
	3.1 无机材料
	3.2 有机材料
	3.2.1 MOFs材料
	3.2.2 树脂吸附材料

	3.3 生物吸附材料

	4 展望
	参考文献

