E31E AW
20138 A

WmHHAES®EN L2 %R
J. Radiat. Res. Radiat. Process.

Vol.31, No.4
August 2013

Ce(IV)/R B %15 B AR B4 & W5

sk Wl

o [ A S 7 47 B T e

K JE 030006)

WE RAXGEGEFE IR Ce(IV)/RSBRBH KI5 M H IR B I Ce™ B R ZRMA LB ks I
E TR R AR SR, B R AR S EHEE RN R i RIS BRI UK
5 Ce" MM LA 1 0 2 BRI IR, Al SL iR B ) Ce™ B T Ax ik Jils KB pH {115 &2
11.5—12, JI#ZEME 30 min, R EEBRRIE 99%LL By ARl is R i AR S e g5 A 3

1Cr18Ni9Ti ANFH4HAJE i}y 51.2 mg- L™ —70.4 mg- L™,
MAAIE, U R

KIE  Ce(IV)/THMR 5, HINFEIT IR,
FESES TLYL

Ce (IV) IFEMRZ15HARFIF Ce™ TER IR
(ISR YE, AP e 4R R T L R B
SIRIERTEM N LI 2150, Ce V) IR 275
PR 4R Ce™, BT Ce* B,
5 AT K A T 2 0o R VR AT R G P — E I
P BEAN, R EA KERET, EATHBT
KBRS A SRR LR S5 Ce™ By F 1Y
WA, & TAEEA SRR FEa L % Ce (V)
/ﬁ&fﬁ%ﬁ*C&MLﬁ,%ﬁ¢M%£%u&

PR B 2R B 5 4 ) AT T WIS IR
1 SCIGMRIAG A
11 FENEE

BT RF, MP129-2 1, Bilgss — RS
¥E%ﬁ%%,%nm,%¢ﬁ%uﬁﬁ Al =
T %s, Pipetman P&, 5mL, Jbpld/RARAEAE
FRAT: 66T, 6010 &Y, HEe Bl i,
TR I EERS, 81-2 Y, EiGSRIGiNags) .

1.2 FERH

WEIK, 30%, srfral, Rt THRA
"y BRIRWAREE, e, RER KL TSER)
WeSEMB MRS, oM al, b5ty B 251 Tai il
AW BB, HTal, WSS AR L REOT
Knals PURIER, obral, JEsteT) s RESHE
M, el RESRFUTAHRAF; T
5, srtrel, desten) s AR, e,
B 320 E 2 Y

1.3  REHE

1.3.1 #MEF Rz F & Ce (V) MMHRIENL X
HIRME & RN fERE T2, %230 L
Ce (IV) [THWR 2i5 7 CH A4 E o5 5 A
[Ce**]=0.1 mol/L, [HNO3]=2 mol/L) ™, 75 P F ki
27104 m* . WAL 85 L AL T T AN
Il ARG TR 6 h—7 h GRSk
TS ASER A T8 P B8 L AR AL AN B T F i
HEABR AR T (o Fe*t. oL cr*t. Ni®*
25), RWFER) Ce™, Ce™ BB JF A ce®, DA
2757 5N NH, A NOs B 1, i35 )%
TR AN TR A

132 TN R N A -
BEEIIE-T 85 5 6 e IR R k4
TAEMMZ, o 6 BEvRN e AL R T i
B RE, ARG, M AR R R A A% B AR
B S R R S B NN I
133 ERPEYE CeY it R (1) WAKILE:
PEbRiE A R AR, SN Ce' e = Ce® kR
WA 9=1.61V, - XN 0, (g)+2H" +2¢ = H,0,
fRIFRAE LA LN 0=0.68 V. (I, VAW Ce™
R R Ce™ . 1de, I XUE K E IR A AV R
(R EALIE SRR B WG, B H.0, 5 Ce™ RN
JREGE LG . R, %18 H0, 5 Ce [N /R
e, TSI P I N UK, 38 TR Ce™.
e, RN ERB IR-Fe® T oRn 1), IR EAE
W25 R iR Ce™ BB AEIR . (2) Fidk
MERE IR B, I8 PR iR -5 e Rl i

F—EF. FkiEd, B, 1980 4 10 A4, 2003 FEET I RY:, NMAKEE Y, £ MNFZ GRS 250 7 LAE,

BhERAF 5T 5
E-mail: taoge_1013@126.com
Weks H . ¥I1F5 2013-01-22, &[0 2013-04-25



WA S T Z %R 2013,31:040301(7)

S BE R LA, 1FH R BRI ER IS S5 Ce™
FEIR NS FEB I -Fe® FR 7, SO IR R ce™
RIS SERBIRR-Fe® R, AR AL, AR SR o A A OUSEK AT LR I R SR AL
B2 B 08 030 5 48 HOK SRR AR 5 Ce® b Ce™ IillE TR R 1.

F 1 EKRGIR MERE FEBHBB A Ce™ ol & J7 s

Table1 Measuring method in the reduction of Ce** by hydrogen peroxide and vitamin C in stimulant waste liquid
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Reduction method
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Measuring issues

W5E J7 i
Measuring method

XUEE K 5 Tl PR ol e T VBB ML L £

Reaction ratio between ceric amonium nitrate solution
and hydrogen peroxide

WU IKIE S
Hydrogen peroxide

KUK A S S R HE R T RIR
Accurate concentration of hydrogen peroxide
TR AR HE T R Ce™ (M HERI

Accurate concentration of ceric amonium nitrate
solution

B 275 R Ce™ [k
Accurate concentration of Ce**
liquid

in stimulant waste

AR AR e 7, 30 SRS R Al e v R
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Ceric amonium nitrate solution reduced by
hydrogen peroxide

F i R B AT A VbR 8
Determined by KMnO, standard solution
PR 2k i b e )
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amonium sulfatel’

FBRIR AR B T b S

Determined by standard solution of ferrous
amonium sulfate
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Vitamin C Reaction ratio between ceric amonium nitrate solution L
and vitamin C Ceric amonium nitrate solution reduced by
vitamin C solution
FOHR LR 1 2 PR v e
Actual concentration of vitamin C Determined by iodine standard solution
THUbR AR VAT R TR VA FE FH NapS,04 triE & ibr &
Accurate concentration of iodine standard solution Determined by Na,S,0; standard solution
Na,S,03 ARt i 1 HER IR JE FEE KoCr0, bR 8
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Table 2 Concentration of nickel in consumed stimulant Ce(IV)/HNO; solution

e BRRREBUIMGLY e PERUTRIRRE /gL BB /mg LT

No. Volume of the waste liquid Absorbance  Concentration of nickel Salt concentration corroded from stainless steel
1 10 0.266 5.8 51.2-70.4

2 10 0.257 5.6

3 10 0.266 5.8

4 10 0.242 5.3

22  ERPRE CeVHhRETAE

221 MAKZLR Ce™ (1) WEKHTEMAMETR
EIRFEIE o« XU /K H it S8 A0 S5 B A R I e &5
DL 30 RIS A FH 1) T 65 0T B A FE O 30%11 XX
AR E AL A S bR i B K N 20.11%.

(2) ML ZARR T M P B A5 AS R L PR SRR
Xof IS PR A, 2 ) XA K 3 5 0 B 0 Bk
FERREIIE 2. K 2 aran, UEOKE B S HR
B RIEWHIRR . bl & n] &5 — 5
SRR PR ROV K P o IS (R 3 B M T e B e ot
IEIRZ .

K 3 WEKPLEMEFTERENESR

Table 3 H,0, concentration of hydrogen peroxide solution by titration

EAR A AN HETR R R AT A T o o
i M ol Uk g ORI %
F5 ~=/mg - Weight of 0.1mL hydrogen  Actual concentration of  *525F/ %  “F-I{H/ %
No Concentration of Volume  of eroxide for industrial use hydrogen peroxide for RSD Average
' KMnO, standard KMnO, standard P irijustgr]ial L?seX g
soluition C; soluition 7; m H202
1 0.14 9.39 0.1112 20.11 0.04 20.11
2 0.14 9.38 0.1110 20.12
3 0.14 9.42 0.1113 20.13
4 0.14 9.40 0.1112 20.11
5 0.14 9.39 0.1111 20.12
6 0.14 9.40 0.1110 20.11

e A S R R R AT B T S N 5 00+ 2 MNO* + 6 H = 5 0, + 2 M + 8 Hy0, MUK H i U ZUTR IR (X 1a02)

1% HE [EFr GB 1616-2003 { TMbit s AbE) AT s A Rk T 5.

Note: The reaction equation of hydrogen peroxide and potassium permanganate is:
5 H,0,+ 2 MnO,+6 H* = 5 O, + 2 M, %*+8 H,0. The concentration of H,0, (X ny0) in the hydrogen peroxide for industrial use is
calculated as the formula, which is listed in national standard of the People’s Republic of China -hydrogen peroxide for industrial use

(GB 1616-2003).
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Table 4 Results of redox-reaction between H,O,and Ce**

A+ 3pe s vk BE AN = —n N s A+ =

o CeTimRE CeUN ) ook PRERZE  HEE Ce'H) O, IR i
F5  Imol-L /mL /mL / mL Fif &l Imo [/ mol Mo M
No. Concentration of Volume of Ce** volume of H.0 Standard Mole of Mole of H,0, 1 2

Ce** solution solution 292 deviation  Ce*M; M,

1 0.20 20.00 362 0.01 0.004 0.002 2:1
2 3.61
3 3.60
4 3.59
5 3.58
6 3.59
7 0.10 20.00 1.80 0.03 0.002 0.001 2:1
8 1.78
9 181
10 1.73
11 1.75
12 1.76

s BT R R R I 5 o3 i, Tead R vk BT Sk B D 20 119% 1) XUEK M RE 10 15 5 I8 Ced+i . A 1 & 15,
2.01%XE/K B 1.006 g/mL,  HI XSRS L« UK T B A B R o i TSR S AL S I D DT P s R ol e Vi VR ) HEF IR
JE£FH 0.01 mol/L Frym 2 SV Bk 4 b VAU BEA T A €
Note: The density of 20.11% hydrogen peroxide is 1.006 g/mL, searching from Fig.2. The mole of H,O, was calculated by the density,
volume and mole weight of hydrogen peroxide. The accurate concentration of ceric amonium nitrate solution was determined by
titration of 0.01 mol/L standard solution of ferrous amonium sulfate.
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Table 5 Virtual concentration of V¢ reagent by titration

PR AE TV &/ mL

PR HE T IR IR P

Ve &E 1%

F9 Ve i /g . mol-L* Actual WEREI%  FHME %
. Volume of iodine . - .
No. Weight of V¢ m, . Concentration of iodine  concentration of Vc = RSD Average
standard solution 7, .
standard solution C, Xve
1 0.2004 23.98 0.0945 99.58 0.03 99.54
2 0.2012 24.06 99.51
3 0.2003 23.96 99.60
4 0.2006 24.00 99.56
5 0.2008 24.02 99.54
6 0.2005 24,01 99.53

T BRI HE AR [ ) NapS,03 VAR € s NapS O VERHER IR i HE 1 KoCrO7 15 5E . HUIA MR RS (Xvc) 1%
TR Fr GB/T 15347-1994 ({b=Al iR MAR) s 2 AT 5

Note: The accurate concentration of iodine standard solution was determined by titration of sodium hyposulfite solution. The accurate
concentration of sodium hyposulfite standard solution was determined by benchmarked potassium dichromate. The actual
concentration of vitamin C (Xy¢) was calculated by the formula which is listed in national standard of the People’s Republic of

China-chemical reagent- L-Ascorbic acid (GB/T 15347-1994).

# 6 PRMMER Ce" HKLER

Table 6 Results of redox-reaction between vitmin C and Ce**

Ce™VAMIRkIEl  Ce™mmiME | VCwmHE  #F #E W Vo IBIIKRE Ce" IR Ve Y&

5 mol-L"* mL /mL # /mL  /mol-L? / mol / mol

No. Concentration of ~ Volume of Ce™  Volume of V¢  Standard  Concentration of ~ Mole of Ce** Mole of V¢ Ma: My
Ce* solution solution solution deviation /¢ solution M; M,

1 0.10 30.00 10.15 0.03 0.05 0.003 0.0005 6:1

2 10.16

3 10.22

4 10.20

5 10.18

6 10.17

10.13 0.20 15.00 - 0.05 0.05 0.003 0.0005 6:1

10.15 -

10.09 -

10.11 -

10.14 -

12 10.23

040301-5



Ba A wE S R A T

2z

g
¥

#* 2013,31:040301(7)

23 RBPEREIERER

BRI 295 IR TP M R I 2K E N
[NH,"]=0.2 mol/L. ¥ AN[FIf pH {E A1 1R R 4%
PN RR R A I L R R ARt 2R, L 3. K
IR BTN (1) AR EAMEREL T, KK
WL I R BRSO BEE pH FIBE RIS, (2) 7 pH
FHEIIZEAE T PRI R 1 25 SR R Bt 26 28 TR (]
MK (3) MR pH EIAT A 11.5—12,
ZERINT1A] 2 30 min B, PR HH 4 2B 2 EmT, 15 99%
Pk

100

95

90

85

Removing efficiency of amonium/%

—ae— Distillation time-30 min
—=&— Distillation time-20 min
—— Distillation time-10 min

80

75 1 1 |

12 12.5

1 1
11 11.5
pH of waste liquid

ANTE) pH B AN ZE AR 18] 2% 2R ASHUL R i )
LR 2k

Fig.3 Removing efficiency curve of ammonium in the

stimulant waste liquidat different pH and distillation time

#hig

(1) FHRREN L 5 XE KRN L A 2 0 1,
EAEIEIR Ce RS B BRI, A=A R -
DRLE, e i S AL U SR Tl A B 2595 R HH ik BR 1)
Ce*". (2) #%M8 1 mol A MNEIEIH 2 mol Ce™ [kt
BIIINKUEK IR, A48l 2575 R R R B 1 Ce™ 4
BB ZE Ce®y Y—IMEIMAUE KN, RRFE
R /B VS . BERIR B Ce™ IR TN
K, FERAMERARE, —MEIMNEE. (3) #IK
W pH EIRTT 2N 11.5—12, k& 30 min i, &
T R R A AT IA 99% LA F. (4) FHAM 66 REE
e R P S &, R HE S AR AN 1Y) 6 h 2
TR ATAT B o FRAR S Bl 5 &5 SRR RS H AL 22
15 R AN S AN el 51.2 mg L™ —70.4 mg-L ™.
S E ik

Ponne M, X7 . f§ B VU4 &l A0 SR k22 235 T2

A 3

3

1

040301-6

MEDOC: M3z 3 fil e 6] 50 B LoV B [J]. F 4%
577, 2000(6): 31-39

Ponne M, LIU Jun.
decontamination technology MEDOC: from laboratory

Using Ce (IV) and ozone

and to industrial application [J]. Foreign Nucl Power,
2000(6): 31-39

Mathieu Michel
Thorough chemical decontamination with the MEDOC

Ponnet, Klein,Vincent Massaut.
process: batch treatment of dismantled pieces or loop
treatment of large components such as the BR3 steam
generator and pressurizer [R]. WM’03 Conference,
February 23-27, 2003

BO%E. MmLCEZRR)EM M) dbat: dbsRka= iR
1, 1995: 792-793

XU Guangxian. Rare earth (The second edition) [M].
Beijing: Peking University publishing company, 1995:
792- 793

FEZESC, DS, K. USRS REE LT T ER
2:577[P]. CN 10134673.7, 2005

REN Xianwen, MA Pengxun, ZHANG Taoge.
Decontamination technics and eradicator for radioactive
decontaminated metals [P]. CN 10134673.7, 2005

sy, Tk, U5, . Ce (IVIHERREGHAL
FER s 2 A D TE[3] 48 54T B9, 2007, 27(6):
329-335

MA Pengxun, ZHANG Taoge, WU Mingliang, et al.
safety of Ce (IV)/HNO;
decontamination technology in engineering application [J].
Radiat Prot, 2007, 2007, 27(6): 329-335

GB/T 223.23-2008 {8k K 54 BE BIME— T
1553 Y6 G BEVA[S]. e N R IE AN E AR AE. o B b v
flAL.

GBJ/T 223.23-2008.1ron steel and alloy-Determin- ation of
nickel content-The dimethylglyoxime spectrophotometric

Preliminary study on

method [S]. National standard of the people’s Republic of
China. China standard publishing company

GB 3311-1982 5 i# < H il 1Y) Pl 1 — A AL I SR A i
b7 IS M AR S NY SV ] B g v Sl B v A )
1982

GB  3311-1982

cerium-tungsten alloys-oxidation-reduction volumetry [S].

Determination  of  cerium in
National standard of the people’s Republic of China.
China Standard Publishing Company

GB 7478-1987. /K #:MlE Z TR € E[S].
e N RILANE B AR, A B AR R

GB 7478-1987.Water quality-Determination of ammoni-



SRS Ce (IV)/RERRBN 75 R TAL B L B 7L

um-Distillation and titration method [S]. National
standard of the people’s Republic of China. China
Standard Publishing Company

GB/T 20878-2007. ANEAHAANIN AR W5 S AL 5
[S]. e NIRRT [ B 5 by . o [ b v A

GB/T 20878-2007.Stainless and heat-resisting steels-
Designation and chemical composition [S]. National
standard of the people’s Republic of China. China
Standard Publishing Company

Preliminary study on pretreatment of simulant waste liquid generated by

Ce (IV)/HNO3 decontamination technology

ZHANG Taoge WU Mingliang
(China Institute for Radiation Protection, Taiyuan 030006, China)

ABSTRACT The hydrogen peroxide deoxidization method was adopted to treat the remnant Ce** ion in the

stimulant waste liquid which was generated by Ce (IV)/HNO; decontamination technology. The distillation method

was used to remove the ammonium ion in the stimulant waste liquid. By determining the nickel concentration in the

waste liquid, the amount of salt in the solution corroded from the stainless steel could be calculated. The experimental

results show that the remnant Ce*" ion in the stimulant waste liquid is deoxidized completely by adding hydrogen
peroxide with H,0, and Ce*" Mole ratio of 1:2. When the pH values are adjusted between 11.5 and 12, more than

99% amount of the ammonium ion in the stimulant waste liquid is removed by distilling 30 min. The amount of salt in

the solution corroded from the 1Cr18Ni9Ti stainless steel is calculated by the nickel concentration of the waste liquid,

which is between 51.2 mg/L—70.4 mg/L.

KEY WORDS Ceric (V) acid decontamination, Stimulant waste liquid, Hydrogen peroxide, Vitamin C
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