§538% 4 1] w2 = Vol. 38 No. 1
20254 2 H Journal of Isotopes Feb. 2025

KR-01 ;BB B F B AERY Cs MR Bif #0
MR BB RN

BhE ERE A B LR R
CL B g PR R BB AT FR A A, Tk 78 062455;
2. bR R, dE st 100083;
3. E AR B R RS, dbat 100190)

TR 4-137C77Cs) F A% 7 HE I K T 5 L B TS P R 2 —, R T R AR B Cs Y D RE R R, AR BT
FEXT H FE R B BB 28 3B BE FEH B9 A8 e AR DL 1 L8 By i IR &, P& T KR-OL IR A B T3¢
P g, I3 H Cs M P BB UE AT R GEMI ST, A5 S BRI I L A AR L pHL 45 DR 3 Sk HE I A R
SEN, T35 Cs 76 AW B oP A0 R B 30 7 2 R B 2 i o AR . 45 SRR W F 25°C. pH=6.0 &1, W AR kg 5
PR Cs 1R i A% 8 T, 0 285 1 A0 1% 75 5% 9 98.159 mg/mL, W [ 28 35 99.960%., i — 2 Bl 7 2% 4 0 2% 4 4
S R B R™=0.997, Cs' 1 KR-01 1 i _- 1) 1% B 3zt 75 phy 7 BOL o0 2 60, 2 oo DAl 0 I o 848 0 I o o — 5 9k
LI, KR-01 AEXT Cs M I44-4 Langmuir Fl Freundlich W HEEIR 2L, HARDE 2% R £9>0.940, {H Langmuir
7 R T S i A e B AR, 28 T Langmuir AR 32 S5 09 B2 B AR . LAk, 7E 900 °C AR R
B A 6l 4% B 249 O 48.970%, HL AR #5 2 P SR T A KGN 31 Cs™, ST 5% B A 9 8 skl 2 AR 2 Ak A
o KR-O1 IR A B T3S Hig X Cs ™A W R 23 0 1A gt i 2 1 B 3 08 T B MR 2 P R F A g
FGEIF: B T RSB NI 5 Cs™y W FFF 5 PR i 25

FE 4 F S TLI41+.19;0615.11 CHAPRERAD: A XEHE:1000-7512(2025)01-0056-12
doi: 10.7538/tws.2024.youxian.076

Cs" Adsorption and Pyrolytic Volume Reduction Performance of KR-01
Mixed Ion Exchange Resin

GUO Weilei', GAO Hongyi’, MAO Jinchi', YUE Renliang’, LIU Haidi’
(1. KaiRui Environmental Protection Technology Co., Ltd., Cangzhou 062455, China;
2. University of Science and Technology Beijing, Beijing 100083, China;
3. Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China)
Abstract: Cesium-137 (mCs) is one of the most common radioactive substances in nuclear reactor
wastewater, developing efficient Cs" adsorbing materials is of paramount importance for sustainable
development of nuclear energy, human health protection, and environmental conservation. The
company has developed a KR-01 mixed ion exchange resin by blending the synthesized cation and

anion exchange resins in a 1:1.8 mass ratio. This study systematically investigated the Cs" adsorption
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performance of KR-01 mixed ion exchange resin, focusing on the effects of factors such as
adsorption time, resin dosage, and pH on the adsorption efficiency. The adsorption kinetics and
adsorption isotherm processes of Cs' on the resin were also studied. Under the conditions of 25 °C
and pH 6.0, the static saturation adsorption capacity and adsorption rate of the resin reach
98.159 mg/mL and 99.960%. The study showed that the pseudo-first-order kinetic model provided a
high coefficient of determination (R°=0.997), indicating the Cs" adsorption process on the KR-01
resin was diffusion-controlled, involving a rapid initial adsorption stage followed by a slower
adsorption stage. Within a certain concentration range, the Cs  adsorption on the KR-01 resin
followed both Langmuir and Freundlich adsorption isotherms, with R* values exceeding 0.940.
However, the Langmuir equation more accurately described the ion exchange adsorption process,
highlighting the dominance of the monolayer adsorption mechanism described by the Langmuir
model. After pyrolysis at 900 °C, the residual amount of resin is around 48.970%, and Cs" is virtually
undetectable in the pyrolytic volatile gases, achieving efficient volume reduction and stable disposal

of the waste resin. The Cs' adsorption capacity and pyrolytic volume reduction performance of KR-

01 resin are superior to representative commercially available resins abroad.
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Table 1 Physical and chemical parameters of ion exchange resins
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Fig.1 Effect of adsorption time on Cs"

adsorption rate of resin
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Fig.4 Nonlinear fitting of Cs™ adsorption on KR-01 resin: (a) pseudo-first-order kinetics and

(b) pseudo-second-order kinetics (7=298 K, pH=6, Initial concentration = 200 mg/L)



62

W i & $538%

%2 KR-01 #BEX Cs"HIWR Bt 3 1 2 B 41
Table 2 Adsorption kinetic parameters of KR-01 resin for

+

Cs
I B A TR K/(min ") OJ(mg L™ R
WE— Bl 2 AT 0.060 16.833 0.997
WE 98 ) 2 Ay 0.005 18.000 0.970

WiZ A 1 2 1 1 B A o B . 1 o Cs TR i
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Fig.5 The influence of initial Cs* concentration on the
adsorption efficiency of the KR-01 resin at different
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Table 3 Isothermal adsorption parameters of KR-01 resin for Cs"

Langmuir Freundlich
TRE/K q ,ln) /mg-mL ) KL2> R K 2 R
288 114.602 8.076 0.945 48.392 6.958 0.901
298 113.892 9.950 0.948 49.280 7.099 0911
308 114.374 3.397 0.962 45.751 6.601 0.914
313 116.876 14.463 0.940 52.648 7.325 0.916
323 120.025 18.788 0.925 55.532 7.430 0.924

T 1) g WKW s 20K, A5 4 B B 5E RE AR DG ) Langmuir 55 TR ZRASE A 5450 3) K Flln & Freundlich Fh 3 SRS HL 340

34 HEEFX Cs TR AE RS0
1E pH 4 6.0 MR IE] 120 min, B AR FH i 1%
19 418, KR-01 B BE % Cs™. K", Na". Mg™"fty

% {250 22 43 51 R 50.385%. 22.615%. 10.980% #I
7.834%, Cs™ %f Hifth 43 J&@ 2 1 8943 85 I 7 SFogmas
SFcyk SFegmg 7391492.227,4.589 F16.431, KR-01
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38 4 14 005 1) 2 R, R B RRC3BR  . Cs™L Na'
K. Mg™ B 7242 i R 2N KA g/ 2
K, XA F T Cs WK i A R FLIE 5 58 46 3L A
ghgy o R M R XU B T, (KA fE X 0 B
FY B2 W B N G, B TR T AR R P, R
ok ] 3 3k i 4R AR R A FLAR 43 A FDE RE T RR S,
i — A R 1R Xt Cs g IR B e B
3.5 Cs'IRPBH AT IS # g M LM R1E

Xof R 25 4b BE Y J5 A KR-01 B8 S KE A, LA &
28 53 32 W A AR B A 200 mL, ¥ EE R 200 mg/L .
pH N 6 [ Cs 7 W P 1E 47 W B0 38 U B9 KR-01
B i B b 08 AT T 50 3 AE R T K 43 A5 X EE A
SRR TR 6 fiE 7. Bl 6. B 7RI AL, B AR
R ROSE 43 A5 345 B3 18 6 1 1 BRORBORL, R AR
Iy A AE 0.6~ 0.8 mm., Cs W [ Aif J5 A i 7998 i
FGE R 35 R S A Bl 7E , W] KR-01 7€ Cs VATl
HAT BT A S Al Raoe M o DR B Cs™ i J 44 i
(90 K o0 A7 5 B AT LA 31, C AT O 7 Cs W Fff
B 5 B 389 51 e BRE 25 4 b, i W B i 3R R 2% 1
REEANF Cs TR G A1, WS AR AR AT LB
WHEF Cs TR MAAAE, HEOIES ) C f1O It
IS Ai i B IEAE A, R KR-01 X4 Cs"H A
BL A B0 W M BE L 18] 6¢ FIRT e Sk £ 1k BIF B b
B B 6 KR-01 B Jig A1 1% Bt Cs'Ji KR-01 A 1
i) SEM &1, BReR 45 44 9 170 45k 7 1, P KR-
O1 A4 Jig W B Cs™RiT Ji A LA G5 A R HE R 4F . A
P 7d~ £ 77 DL 28 b B, 7E Cs B IS W g

a——AK A% SEM [&l; b—— i i SEM &l ; c——# i SEM [&];
d C(ET); e OCFET ); £——Cs(FE 1 );
g——CC# A D); h——OCHE ;i CsCH )
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Fig.6 SEM images and elemental distribution maps of
fresh KR-01 resin
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Fig.7 SEM images and elemental distribution maps of
KR-01 resin adsorbed Cs"
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JIT A7 W RS A R Cs W B ot i rp ke 3 T E 5R
YEH .

i 5 FITR XF oK 48 4k 31 Y 5 BR KR-01 B i
FEA, DA K 28 5 12 i AE AR R 200 mL, W
200 mg/L. pH 4 6 ) Cs" ¥ Wi H 8 17 W B I3 5
[ KR-01 B IRFESR AT T AT . WRBf Cs”™
Rl Ji KR-01 {1 FTIR [& 75 T [&] 8, 44 iig W Bk Cs il
S ) R oA 0 WA T T i 7 R A [, 3 B AR g D
A AL 2 254 IE B IR . 3200~ 3500 cm !
4 DX IR 0 R A A 4 R 2l X, 12200 1132 A
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3.6.1 K & 9c ~ & 9d AT, 7 900 °C T #4
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0.4~ 0.5 mm, [ if A8 Ji 2 T B 50 o ) 30 1 R &
A, WY B SR R TR I A
o R R R TR R A I — &R 5 I i R 4 i AR
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Fig.9 TG and DTG analysis of (a) KR-01 and (b) commercially available resin abroad before and after Cs™ adsorption;
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3.62 Cs'M¥#ER  TAME T 2T KR-01 B
Fg U 78 MERE A HE 5 T 4. HRATTLLE
L R A B 1 R R SR TP CsTE R TE 0.4 ug/lL
PR, ZE AR (1 Cs™7E 900 °C G & it 45 1

THRABGER . L B4R LI, KR-01
FE 52 SR F T R 4 4 7 25 0 e Tk A
Cs' TH AL 1, A R T 16 J5 22 1Y = Rk 75 13 72
Bij 1k Cs MR BTG 4L

3.63 Cs'[E#% 2 4 diEnl A, AJBbe KR-01
B i FH 42 5.0038 g, 75 KR-01 B fiig 7 Cs™ 11
JoT 553 BR 2.902%, £ AR B 5.0038 g KB
B KR-01 W il v fir & Cs™f0 B 4 0 145.21 mg.
KB BE S KR-01 B4 lig o A 5 ko4 2.1369 g, W B
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Table 4 The KR-01 resin volume reduction

performance under anoxic pyrolysis process

M4 R MR EE
ERMRI AP Cs W /(g LD 0339
BRI KR-OT I P Cs 5 /% 6.400
RIBBEKR-O VIR Cs /% 2902
KR-01F 75 5 RMBEGEKR-O 1A I TP Cs " F B [E/% 94.181

T Cs i B 0 28 6.400%, 2184595 2.1369 g
BB i H T CsTRY B iR 136.76 mg. M8 b )T
KR-01 B i i#5 o Cs'Joit 5t o5 A B be i i Cs' I
1 94.181%, WE B T KR-01 B JIg Ik 25 5 %F Cs”
RLGF 0 2R PR BE o BB R BT Cs T T
I T RAB B A KR-01 5 A B Hh Cs" By L i, W]
B 7 I 30 v e R B T 7 46 2 B T
fift S A O T S AN S8 4, BRI PR ST 5
VERT K TP TEL
3.7 KR-10 R 5K KR EE S AR AEHERERT LE
Xof 8 AH ] 45 44 T X L 43 A T KR-01 44 i Al
8 2 1 [ A1 B FH A AR B Cs W B A A A i
WA TEREWF 98 (3% 5). 7E 25 C, pH=6.0 514 F,
KR-10 44 lig 1% 52 BT Cs™ Y 5 43 W% BF, W% B R
1= 1K 99.960%, W& 1= T [ A1 55 A g A T B 2R
(99.912%) . 7EAH [A] TC A i 554 T, KR-01 B

5 114 T 2 5% 4% 2R (46.622%) 1% T+ [ 4175 F A% B
(50.581%), 7% B KR-01 #4 Ig 2.4 T 47 i Il 25 3%
Fo XIS A Cs T FIAY i 5 P Cs T 20%
S5 A3 AT W], KR-01 A4 B 9 X Cs™ [ 2% %80 1 1
RREELAN DR

F 5 KR-10 #5050 A A5 M BE X EE
Table S Performance of KR-01 resin and commercially

available resin abroad

B KR-101HE  ESMEFRIAE
I 2%/% 99.960 99.912
A BN ST AR AR % 46.622 50.581
WS Cs e/ (pg L 0.339 0.351
PRI P Cs” B3R /% 94.165 90.946

e KR-10 A4 Jig 13T 4F S SCHR v & 4 38 A4 Big
KA AW Cs W B BE U A7 T X (R 6),
KR-10 # A5 XF Cs" Ay W% B 256 85 F % &+ i @R %
VA0 o TN R R L [F R A T
WERREH . DR - RIE LM NG5 A AR
V] 2 15 - I G A Cs™ R I B R R 9K i ik B
99.200%, {H. W B ~F- i B ] 28 K T KR-10 B Jig -
£ b, KR-01 R g 1t 2 A 1 55 14 Cs W B 1 8 Fn
I 2R BE, PR R K Cs Ak 4 HL A R 4
B A S, LB % 52 B B A4 R R0 ik
e AR AL 3

F6 KRI0OHEEMXHPEHREMEREESWHEREX

Table 6 Performance of KR-01 resin and other reported resins and their composites

(RS WL B3/ % P87 [ /min KRR TH] E= BTN
KR-01 99.960 120 2024 AW
WL @R AR IR (R@PB) 81.000 60 2020 [30]
[ 24 13- FR AR i (RFRO 99.200 23880 2022 [31]
Eﬁiﬁ%iﬁﬁjﬂi%fﬁ BTSRRI 85.000 1440 2016 [32]
BERRES- B LM R (ZrP-PS) 95.200 80 2024 [4]

4 Zig

KR-01 44 5 W b} Cs Ay e fE T2 4148 - pH=
6.0, W B B ] 120 min, A4 BE AR FRH] B 1%, 75 i
FEZ AT Cs MR B 25 5 15 99.960%, W Bt 4 BE 1
FAR ek [ 1 i FHA IR (99.912%) . KR-01 # fiig
XiF Cs" 1) WL B AR P B 450 B 1 — 2 Bl g 2 B R R
Langmuir 881 . 75 TG A A T2 T AIBIZE 35 B
F W, KR-01 Xt Cs Aty [ 28 3000 B Lok 5 1 g tho
P TR E SN MG . £85I, KR-01 B

Jig EAT W B A L DB L Ab T A
e B G R Qe SR, REAS A AW B % 3R
I G AR S, KRR FEARAZ R K i A e T
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