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(HSCCC) £Br & BLAMMAERT I, H&THasRRENERMMNR, SRERN, AERTH
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XER BWEH BUBSERTREE 4 80R
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EEABE, HEREHRER MR IBEMEIE R,
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5185, 57— 75 T & B CCC A BB B
FMIFLE , X HSCCC A vl TR 4k m ol & o
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=FHEELBE (TOPO), Serva P=5h; HCI,
{2, TRIEEN; HCl, RR4, W&
2R HCL, s, BEMRKEZEXER;
HNO;, 44, BEHKEZXEN; HNO,;, 4
al, WERAFERAN; HNO;, R4, wL
2R HCL, T4k (30% ); EBHE, b
o, REEH), #Baizk (18.2 MQ-cm )y Millipore
kB &

GS20 ARSI T AN, JLFFBARR A
REE™, URERNBESE FHREI%ET
( ELEMENT, Finnigan-MAT, [ ), B4 .Meihard
55h1E4%s (CETAC AFl, £H),

12 BPHIENE

43 FIE 10 mL PRG4E S Hr sl AL 2E 4 HNO;
MRRka. e, Tk HCl, ZERTRLKE
BMPEZET, ABAUKEBZE 10 mL (K
LiRES, A 1 mL 200 ng/mL 4% (Tm) H4E,
FIBAKERZE 10 mL; FIBBOS MR IUHRZE5
W, A 10mL 8B4k, ZEET, ABAKES
2 10 mL R EL.OEES, FFMA 1 mL 200 ng/mL
Tm AR, FABLAKERZE 10mL, fENARTE,
HBHRE R ] ICP-MS T B H b 3R,

13  FHR¥HEHNES AR

FEVER I ERN 300 mm MTFHEI[FA, MA
3000 mL FUERLEEERR, BRER EME vt
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RINE IR, BEARHINA 150 mL B4k, 0
B 1 iR, S TRasnET, AZB TFRE—A,

VN

B1 FRERMSHARKER
Fig.1 Preparation of high-purity acid by
isothermal evaporation
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141 FEEMRERNE

SETFIARZR A 30 mL G HURME N EEH, FF
BIAESS, WEkE, FREaREE, U—E
WRFEAKM, RALZRMOBEI T, FRHEE
B, RMEES, ABAUKERERHAENL
#H, FHAARFBIAR B AR v, HE V. 5 305 mL,
WAHEMRR, SIS ERFNERMNRET
AIE AR E R (S )o
142 i HSCCC 4t

P 0.25 mol/L. TOPO M4 YA B BAE R E
EH, REBEMRIEER, SHIHSHEY 8
mol/L HNO;. 9 mol/L HC1 #E A #ishH, F5miAAs)
Wfia, FARRNERRIREE, BM% 10mL K,
B 10 mL WENRMHAER URIEEAPERIR
F, FRBLAUKERE 10 mL 3R E.LRER,
HIA 1 mL 200 ng/mL #j Tm AARIEIR, FIBAUKE
AZFE 10mL, FICP-MS IEHPANEHE,
143 HAERIE

Eesl 100 mL 0.01mol/L TOPO A VA,
FA 300 mL #9 8 moV/L {842k HNO; 52 43K ;
S HMECH] 25 mL 1000 pg/mL 441 8 mol/L HNO; ¥
BAENFERD B B AREEFEA 30 mL FHHIEN
M, WEEERN 1200 r/min, FHEERE
J&, CABiZN 1.0 mL/min #H8E, #HEESEESS, 4k4k
KA, FRMREIEEE, FMBEERS,
B 1 mL WE—K, BEMRERSEAKERE
J&, FICP-MS WEHFHMEE,

2 SHHIERFAZE

B Faifb R R P AATHECRRE, siEEl
ERABIERSMRE B & 1 ng/mL U 1 20ng/mL
Tm FER—, F ICP-MS R+ 20 5§ “Tm
TR, TR ICP-MS H BRI
Ry, SHEARBRQ), FnT R B SR
BAUKFXEMER AR, BHBEL R, B
K (2) FAMBERHMARR Tm E 20 ng/mL, F
ICP-MS JEH+ 22U A1 "“Tm K313, FH RN
EERFRRBRNBAKT PTm 8HER, R
K (3) HHERERBPHRRE,
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N.
R = Tin(S) (1)
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N,
R, = U(b) (2)

N Tm(b)

Cy=Nu =R XNy | 95 (3)
Np, xR xV
K, NysH 1 ng/mL SR H BUHHR (s7);
N 20 ng/mL &3 BF 'PTm B3R (s7);
Nugy HRBLIKAEF 2P0 HHER (57); Nomgy B
KA T OTm B8R (s71); Ny WERRIR
U HBER (s7); Non BRI '“Tm B3R
(s'); Cy NERYEWBPHAWEE (ng/mL); V Wk
A AR (mL ).
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RIUURITER, FHERREG T REN
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N, N-— R THE-FEPBAEA{LE(0HCMPO)
7 (0.5—6 moV/L ) FIFR BV FEl N ER BB BUh X =
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AL HLRG K 10%, (B CMPO EEBGRM%
g, KEREME,
TOPO ERBRAH T REMFH R TR BA R
MZERAEND, AHESR. FIREREHY, &
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HCV TOPO (0.1mol/L) - SR bl R -, HCl KXt
HRAECE ( Dy ) TE— BREEYE R MBS HCL 3B
FIBE NI A, BRYRAEL 7 mol/L J5, Dy X HCl
W R IR, 24 HCL AW R 9 mol/L i,
HEAECIAB] T 10° BIE; £ HNOY/TOPO (0.1
mol/L) - e, ZHEehRERRE M ILIE S
HCl BB, REMBRN TP SR
K, AEBRIKEEN 8 mol/L B, GHAYAECHIAZ
10°,

SRR . A - BEL. EREE e E e,

PA 8 mol/L HNO; 1 9 mol/L HCL fE R i shAart, W

ERFFRERAFRTILAERBEEHNRBER, &
RunE 2 ZE 7 fin. GREW, E—ENHERM
HEBEN, JUMMERRE MR R R E A
W mARR MRS, HPUROENEEM
HIRRMAR R SR, #5308 1200 v/min, FRRA
0.6 mL/min B, K S 53821 %, BEIMA—CE
H) MeOH f5, EEMMREER THHBHEE,
MRERLE, AT EARTRMESR, HE
Bk IE T HBEAINA, TOPO ZE/KH P HIEMR
BEK, RE]RERaAbER . BT - HyO (KR
R CCC FRE FAMPIMIAR . Trag i, EF
SERUK BB RN, DIEBRGAEEEM, 251
8 mol/L HNO;. 9 mol/L HCI{ERFish#l, ZERRW
CCCHMET, SemALIFOLInE 6 Fill 7 i, 4
R, #5304 1200 r/min, H# 1.0 mL/min F,

S ¥7E 70 %A L, FIMBRIRRA SeRFE AL
HBEEAR, EBMREET, WHER S F
PR, {BIFB4E-9 moVL HCI KR K S FAE
/NS, KF 400 r/min B, EAREEEEM, AE
6 FIE 7 AT, PIRMAZRY Se BETT ST BRGS0
MR, RERAHTREEEM, BFEELN
Sy ESETIE], Wi EREE B E e, S518MEE
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B2 CHCl;-8mol/L HNO, 1A 2 B jE AR B F 1510
Fig.2 The retention ratio of stationary phase of
CHCl;-8 mol/L HNO,
Flow rate: —=~0.6 mL/min —e—1.0 mL/min —a—1.2 mL/min
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B3 CHCL-9 mo/LHCl A Z B EZHEERENR

Fig.3 The retention ratio of stationary phase of
CHC13-9 mol/L HC1
Flow rate: —=~0.6 mL/min —e~1.0 mL/min —a—1.2 mL/min
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Fig.4 The retention ratio of stationary phase of
CHCl;-MeOH-8 moV/L. HNO,
Flow rate: —=—0.6 mL/min —e—1.0 mL/min —a—1.2 mL/min
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B 5 CHCl;-MeOH-9 mol/L HCl {7
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Fig.5 The retention ratio of stationary phase of
CHC1;-MeOH-9 mol/L HC1
Flow rate: —=—0.6 mL/min —e—1.0 mL/min —a—1.2 mL/min
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Fig. 6 The retention ratio of stationary phase of
Heptane-8 mol/L HNO;
Flow rate: —a—0.6 mL/min —e—1.0 ml/min —a—1.2 mL/min

4(.)0 6(;0 8(‘)0 102)0 1260
Rotational speed / r * min’!
7 IEBEE- 9mol/L HCI k% B E MR B R iEN

Fig.7 The retention ratio of stationary phase of
Heptane-9 mol/L HCI
Flow rate: —=—0.6 mL/min —e—1.0 mL/min —a—1.2 ml/min

RIFGAIRSIOR], & B E AR E
Yisko BB HRAMHE BN 1.0 mL/min,
Kb RH, HEEMPMATOPO S5, RE

ROFFEE, PIINZSHEN 1200 v/min, FHEH
1.0 mL/min, A TOPO, 43I HNO; 1 HCl {E
WhAERT, EEMMRERS R 78%F 73%; M
A TOPO J&, BEEHMRE RN K 73%H 68%,
HIFHEERSFIA TOPO 5 , ALK,
P EZR/DS, W5 IEEEH GRS RRER.

32 SURERARHMAR

321 LRSS E
A ICP-MS W8 LA R FIZIERIATNIR . $h8R

- GhRgitEeR, MER (1. 2, 3) AR AR

Ry R, SRmFE 1 R 2 in,

HR 20 A, JLAARRISENHERAERR
HIEBFERKNER, WEAR AR
WASERTA, BERAERNRPASEA—EL
KA R P A& B,

322 4iftERPMEEE
PR T ARLER HNO; ( 8molL ), HCI
(9molL ) RPN ERER. JLAHTENAR
4 HNO; #l HC1 2 CCC 2ifb/5 A Risatik., B
HRGERMETHABRHENSLERTA
ICP-MS 78Kk EeR U B EER (1. 2. 3)it
BRIANMETESINE 3 FE 4,

WIFEAR RSB MR AL R AR B s &
B, Bk 4PREERADGERRER, RE
R (4) HHEMOEERE, ERIES,

U:_Csixlo()%
C
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(4)

KF, nhBRPHAERE (%); C, APITRIRT A
KSR (ng/ml); CAHBEIMRMKENLALE
B EE (ng/mL ),

F 1 YMATEER (152 mol/L ) MA3AEEEE ( 12.4 mol/L ) kiR
Table 1 Count rates of uranium in nitric acid (15.2 mol/L) and hydrochleric acid (12.4 mol/L)

No. HNO,;(GR) HNO;(AR) HNO4(CR) HCI(GR) HCI(AR) HCI(CR) HCI(IR)
1 1.11X 10? 1.54x10* 8.66X 10 9.67 X 107 1.65x10* 9.92% 107 4.46X 10
2 121X 10° 1.82x 10 9.76 X 10* 974X 10° 1.74Xx10* 1.13x10° 4.45%10*
3 1.24X10° 1.72%x10° 1.07X10° 8.10X 107 1.37x10* 6.97X10% 429x10*
4 1.12X10° 1.86 X 10* 9.36X 107 9.67X10? 2.14X10* 7.37X 10 3.85X10*
5 1.17X10° 1.78 X 10* 6.63 X 107 739X 10? 2.65x10* 7.52X 10 427%10*
6 1.11X10° 174X 10* 8.66X 107 5.67X10? 1.65x10* 9.92X 10 4.46x10*
AVG 1.16x10° 1.74x10* 8.96 X107 8.37X10? 1.87 % 10* 8.83 X 10? 430x10*
RSD 4.82% 6.43% 15.33% 19.68% 24.49% 20.11%

5.48%
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F2 ¥ATHER (152 mol/L ) MANIAELES (124 molL ) SR
Table 2 Concentrations of uranium in nitric acid (15.2 mol/L) and hydrochloric acid (12.4 mol/L)

25 Reagent ]~ Manufacturer 1& 8 U concentration/ ng-mL’
HNO;(GR) PR H~ Xi’an Reagent Factory 1.30x103
HNO;(AR) FEEKZEA Chang’an Reagent Factory (Xi’an) 4.02x10
HNO;(CR) FGLRAM Xi’an Reagent Factory 2.31x10°

HCI(GR) PEEAFT Xi’an Reagent Factory 1.52x10?
HCI(AR) P %K%~ Chang’an Reagent Factory (Xi’an) 5.71x10
HCI(CR) P2~ Xi’an Reagent Factory 1.52x10°
HCI(IR) Pi%4L )" Xi’an Chemical Plant 1.02x10"

R3 GUESHEPHNOTEER
Table3 Count rates of uranium in acids purified by HSCCC

No HNO, HNO, HNO, HCl HC1 HCl HCl HCI*

) (GR) (AR) (CR) (GR) (AR) (CR) (IR) (Z1)
1 5.93 %X 10" 8.33 250%X10'  3.19%10°  3.15X10*  5.14X10? 1.07 X 10 2.99X 10
2 2.69X 10! 625X10'  4.17X10'  274X10° 3.07X10*  3.96X10°  4.03X10' 245X 10
3 294X10'  542X10'  4.17X10'  458X10° 2.88X10°  3.58X10°  2.04X10° 219X 10
4 120107 5.00%X10'  542X10'  3.94X10° 1.19X10° 342X10?  6.25X10 2.24X 10
5 7.59%X100  7.08X10'  5.00X10'  250X10° 1.99X10°  3.81X10*  157X10* 270X 10
6 463X10"  597X10'  2.64X10'  226X10>  1.83X10* 3.56X10*  7.50X 10" 1.91 X 10?

AVG  595X10'  5.09X10'  398X10' 320X10° 235X10°  3.91X10? 1.08 X 10° 2.41 X 10?
RSD 5.83% 4.33% 3.01% 2.81% 3.39% 1.61% 5.79% 1.60%

¥ HCIXZ1)—% B2 & ¥ H8 884k HCL; High-purity HCI prepared by the isothermal vaporation.

R4 H4LETHE (8mol/L ) MEE (9moVL ) UERBA kb SR
Table4 The concentration of uranium in the acid purified by HSCCC and high-purity water

%5 % MER
Reagent Manufacturer U concentration/ ng-mL"*
HNO;(GR) FGEEF Xi’an Reagent Factory 1.40x10*
HNO;(AR) BEK AN Chang’an Reagent Factory (Xi’an) 1.36x10*
HNO,(CR) PiZ25])” Xi’an Reagent Factory 1.78x10™*
HCI(GR) FaZAHI) Xi’an Reagent Factory 1.38x10*

- HCI(AR) P K LA™ Chang’an Reagent Factory (Xi’an) 7.48x10™*
HCI(CR) P& Xi’an Reagent Factory 1.52x10*
HCK(IR) 4% 4L ) Xi’an Chemical Plant 3.87x10™

47K High-purity water Millipore 2.33x10*
BB liEh B8 High-purity HCl - 3.49x10™*

made in our lab

£5 LHBMPHORRKRE

Table 5 Removal ratio of the uranium in some acids

%51 MRS E BHEARPHEE EhRE
Reagent Original U concentration/ ng-mL! U concentration after purification/ng-mL Removal ratio/%
HNO;(GR) 1.30x103 2.92X10* 78
HNO4(AR) 4.02%10? 2.83%10% 99
HNO,(CR) 2.31Xx103 3.71x10* 84
HCIGR) 1.52%x 103 2.04x 10" 81
HCI(AR) 5.71%x10? 1.11x10* 97
HCI(CR) - 1.52x10° 5.50% 10 64

HCI(IR) 1.02X 10! 5.33%x10* 99
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SRR AN, REARIMAERPHNE
BEREK, (Bl CCC 4iftss, BRI 2u
MEEX/NF 1 pgmL, RPHBNSTERES, #0
EBRMEBHAE; 4ifb5 HCl PRI S B 5SEE
REHBHREAER., BAKPHNTENY; 5
MR Y 4B 4l HCL A EL, F HSCCC #i14&
4fi HC R B TR, H A HSCCC vl LA &5
4ify) HNO;, MERAREEEFTHALREE
RUEBMIEIE, difbE HNO, b4l & Bt 58
ke A B A TR—KF .

33 HERMSAALER

B F BRI UABHAR, BafbaiRS
ST REN, LRPHARKNRERS 1000 pg/mL
AR TSI, M ESRT R, B EAH
TOPO HIYREMEZE 0.01 mol/L, L, CCC fEE
AP HIK 1200 t/min 1 1.0 mL/min, SZHRH
FHEMLINE 8 iR,

R B PPU MR B S T LR B i v R
HEBEANEARY 3.62 mg, AESRIFRE
R (5)IHBAFERRBRORRAETERILE
6,

v, =52 100% (5)

Coxn

HAp, Vi WBKREAEBIERR (L); Co MV
BUKEE (mgL),

1000+ N

Contration / 106
»H (= <0
3 S 8
1 L 1
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B8 HSCCC XRMB Mr Bl Lk:
A HLH: 0.01 mol/L TOPO-IE BEke;

7KAH: & 1000 pg/mL 4l 8mol/L REBRIAR , #5334 : 1200 /min,
WH. 1.0mL/min, S;=56.7%

Fig.8 The penetration curve of U removal rate in
acids by HSCCC.

Organic phase: 0.01 mol/L TOPO-Heptane, Aqueous phase:
1000 pg/mL uranium in 8 mol/L HNO; solution, Rotational
speed: 1200 r/min, flow rate: 1.0 mL/min, S¢=56.7%

MR 6 WILIEN, EXBRAEEMRRET, B
0.01mol/L TOPO HYIEBREEHIBAE N EEAR, BTRIR
CCC X JLF 4 BE 7R [] Y BR B K TT 2 b ik FRER 72
10°L KA ks

F6 BAWLLEER
Table 6 The maximal volume of the purified acids

245l Reagent 4L 1K Purified volume/L
HNO5(GR) 4.62X10°
HNO;(AR) 149X 10°
HNO,(CR) 2.60% 10°

HCI(GR) 3.95X 10°
HCI(AR) 1.05X10°
HCI(R) 5.88x10*

34 RBTREWNENERESH

B BARARABARRN A T IR RN R BHARE
IR % , ICP-MS W EER B SR, PP UH 3 PPy
BITMERZAN 1070, BER TR IS
% CCC 4ifb/g R b4t 2°Pu I TFRIE I, 4tk
Bt 22U WA ER 10 ng/mL K, % 1 mL 4
4LJE H) HNO; B ATE B — MR B TR H 4, W
i ZPUH R PPu WEASR TN 1078, &%T
MEERDH, /MFEREE RIS A SRR,
A A 44k I B BR BT DASE— 25 R 7 Bk MO i
PR

4 it

EFSE-H0 AR EA S W EEHRER,
E—EHERREAEN, KEEHREE (S)
B8 HSCCC SiA 3 i3 A shAH I 2 i A T
BK,

AFEILIE FIREBRAIELER 2 HSCCC 4ifk)s, B
TR ERE/NT 1| pg/ml, SBHUKRFRER
¥ WHREHEABAR PN EMY; 4
EEAMBRNMNRZ BN ERREEHE,
4 0.01 mol/L TOPO Y IF BV e M E e, &
EHMRERNY 56.7 %, SLPEHARN 3.62mg,
ZRERBES FAWE 10° L M SRR R sl
ER, dibEBGAE T R R SRFEAL R T
Hp R I TR BRAE BT A BER o

B 30wk
1 PR¥. AR R &, B BEEBRER
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Investigation on uranium removal from inorganic acid by

high-speed countercurrent chromatography

WU Jianfeng JIN Yuren ZHOU Guoqing ZHANG Lixing
{Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract The high-purity nitric acid and hydrochloric acid were prepared by high-speed countercurrent

chromatography(HSCCC), using the 0.25 mol/L tri-octyl-phosphorous oxide in heptane as the stationary phase, and

the normal nitric acid and hydrochloric acid were used as mobile phase. The results show that the uranium contained

in the acid purified is reduced to lower than 1 pg/mL, which is close to the content of uranium in the high-purity water

and the high-purity acid prepared by isothermal evaporation and sub-boil distillation.

Key words HSCCC, ICP-MS, Uranium, High-purity acid
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