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REMETEEEl Cett,

AT 1981 48 1 A 21 HIGH,



196 BEFBALFEENR 19824
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SY-202 T HES T3 e it (L RO A AT {SCRS T ) o (8005 P T ARG T 43 2 It )
E R E KRR, BRI CRR(7,18). ARIIERTTH B R D Bt .

MEWNE. BitREE (DEBPEREZ NS WED
RuAEes, oH b E4k, ME2.,

TREEAE . MBS 8.2 ZEK, & 100 ZK K 20058 K 7 Fh.

iRl YSG-SO,Na BIPHE FA2smilg 20—25um
CREBAESERF ). E—RETREEMIER 2/VHC]
#h H R, RAEREWEKEEDE, AHRBEWR & 1+
f a-HIBA {3 L 1,50ml/min i 8 FH54E, DUR & kBB
FERLFF SE R B XA 10 B .

RRWK: 0.001M —Z#%=BAZB((DTPA)-0,01M
WBE-0, 1M EERE-1M FK. T

SE R . 0.1M k& fbin-0,1M Wk L 3 RRWG 4. TR
- 5.6, 103 7. ¥RShIT,;
0. 4MEK. Gt 9. B,

a-BHERTH, (a-HIBA) (AN A%¥EL— kT 132 ML 11, DR
™ , & pH iy e-HIBA f NH,OH & HClLEY,

FRaB-EEk. BRLE s HCLE HNO, i@, M RlAE & % H.O,
W2 RERE-EREMREY. SO TEOSEN@5/MI . Lui,74, Yb 1,54,
Tm1.23, Er1.51, Ho1.28, Dy 1,47, Tbo,99, Gd1.80, Sm 2,36, Nd 2,50,
Pra4,25, La3,58, Eu1l,30,

(ZH)XREFHE

P BT O @ T B R AE . T B SEIANEE E  E EATR R R, B 2, L
A 1,2 BiFRE 5.6 fn pH 3 (ErfhAkmE) MR, MBRBK 1,2 Kk EE J pH—
SR, A 2 RN ER, WEITER 5,6 WREME, ErHEN R
RS 75

EH2 ((EHER

—. BRERIIR

(—) BEMNEREGORE
WA REER G A, EEBELAETILRTRH-EK 652X KA
FIREE a-HIBA (0.2 % 0.1M) MBS EEN, LB KE4, R ERERS
85Z 4 i+ 0,1M a-HIBA( pH 4,5) HBERH, Lu, Yb & Tm 3§ 1 &8 4> 8, 7L F
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PR UM TR a-HIBA gk B ek pH i T8 H 405, MEEZEERSE B i, t
IR — kB a-HIBA(0,1M, pH 4.5) & T AR (191 2R K 85 X)) W ERE
WOOLE A KA B)Y , BLBA 191 ZXFN, 21 0.1M a-HIBA, pH 4,5 HELILAK &,
Lu, Yb % Tm W45 55,16 55 230 (1] 4 4 , B3 ok B S 1 4% 0 W R g 6 BE iR B i R 4 A% o

Lo
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Tm,Yb,Lu. '
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3 8 MRLIuE Ha 8AWMI THEN AR B 6 Mt oENsEailE

7 14 P

#E. §.2mm 1, d. x§5nm; Mo 8.2mm i, d. X85mm; . 8.2mm i, d. x]9lmmn;
ek, 0.2 HIBA, pllg.5, ez, 0.1 HIBA | plI4.50; Bl k. 0.1 HIBA, pHi.50:
Wi 1.10ml/min, widi: 1.56ml/min, MM 1.51ml/min,

(Z) BEERXINEF

— PEE I BS BETE Ry pH BRI MR BERS I, BB T M % & FIOE R
W e B B AR fL . BT AT PRI PR 02— R B3 B M B B F 3 A B, L AE A
e u—2siek) o TRl 5 i EBBES I MG R 1 % & A (a-HIBA) WK B Rk I
BARCOM £247) o FEXFO LR F N vcls pH S ds IR i (Rl REp 28 (LG 2 1B 75 IR
{9, P9 RS G LR, 7 pH Jg—2fE, B0 h0 4 2 ) SR 1 SR I A o
8, IR B pHL AR 28 4 00 e 60 F T KR, T L S B A 4 T R
W Gl HYD R, R EEROAN (displacement effect) (i SN, W4 &
SUH R RS DR 5 TR BOR/N, MWTIDER B E®, B F FRIE N, 4T e
J% &5 -HIBAY 3 Em pH H)F 72 (LB BT R, E M7E T i it 25 1k 78 R A 19
pH A 454 iR AL, T S R 4 DT  EBEAL (K
WIEAR Ml gk, 25 X F 5 SRR TE S B oy
WFIT,  PUYE A (000 3 0% 55 251 i A ACSRIR pH 0K
/T 758 T 388 TSR I 0 9 77 28 L BB B T 2 09,100, =

(2) BESUHTEATRETLHESER i S

PRI BT 6 BT, B0 A BRI H €, P Counil, vy
pH Jy pH, ¥ a-HIBA, 3% B NEHIKEN V. Bl 6 BREESE R A
WKEERCoy pH Jy pHo (1 a-HIBA, & p, U F, (REEFEN X8 BN, i3
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P, U F, B EN B (F, RUER ﬁ%ﬂﬂﬂ]%)

EXMBERED, FIREROREL r= s BORRE r EF LR ELR [/ i
LI ROBEAD, NRAEEE . ﬁ{l‘]ééj“”é%ﬂﬁﬁ{?ﬁ 1<r <2 WL E B ES £ H,
EASFETHER LR GE.

4% B K o-HIBA Bk B oH R E () TE LR, pH LT H pH iTK
K. a-HIBA giRERLR 9@ HC=f®.

C0V0+F1C1t—thF2dt
0

- (1)
C= Vet (F,=-Ft
MDA
C[V0+(Fl_F2)tj=C0V0+C1F1t“thF2dt (2)
0
¥ @)X AT,
~dc F ,dt
(C,=C) ~ Vo+(F,-Ft (3)
HC, BCH, Bt B4 CRE.
C 9 —_‘Fl—_‘ V0+(F1_F:a)to
s -, S F.<F ]“[ V,,+(F1-F2)t] 0
B (4) H;
= — F;, V +(F777F2)t
C=CimCur C)EXP[FI—Fz (- F ot | ()

B (5) RATDITEERRZ ¢ W& GHIKEE C, B pH HHAk R 21 1 19 pH
4, B a- HIBA ik Cfn pH % a- HIBA WEMHEH K, RiE.

G =1+ -(HY) )
_ C
(L= au X sL 0%
(R avon HEHB RS, (LOVREEREDE s
W B ERN A ¢ R R R, Al 1,
() ABBLTEEVBESMNRE : .
B 5 7 BB RER 9D 48 45, T CoupHas "
Foo Vool Fy SEBBTRERMIRZRN S, g ®
RRBHET FRARASE IBIRERR WBE ey
ZBH: V,=106.8ml; Co=0,12M;pH,=3,70; RApE ISR

F,=1,56ml/min; C,=0,80M; pH,=9,05 F,= M
1.0ml/min FHAESEHMEILE 7 (40 H4hE F, Y ‘;
73 0,4ml/min) , c,

=0.12-0.39, pH=3.70->4.60,
06.8ml, Ug=0.12M, pH, =3.70
1.56ml/min #, =1.0m!/min,
0.8M, pH, =9.00.
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FEWEET, BROIFET1IARASE BIMRLETENEE (JAE1) , 57 &
BEX 0.99—4,43. WA BEERSENAE, A TESRHBEFFRH 635 @i k=%
TR A BB BB By 8—11 0k, BEEN 12% AR, 78 80 S Eh N B L
TTEMERRER, ERIHRE].

KABHETHRESE 104 EITE (28 o) WBESERN.

Ve=101.9mly Co=0,12M; pHy=4,00, F,=1,45ml/min; C,=0.80M;
pH,=9.0; F,=1,0ml/min,

HegEIE s, /SR EHN0.93—1,96

R=0.9
Lu,Yb
pH
‘ ' . “T f;ioft?tgmgﬂwy T Gl Eliml
; 90 8 16 24 32"
» ﬂi‘ol‘a‘l(:&) 0 . B (A )
E8 10/ LILEME IER B9 KA pH FIBEREE &A% IR BT AR 3
Feo 8.2mm 1. d. x19imm; ¥, R (1) &#FEEL.
HIBA; »: 1.2—0.3M pH: 4.0—4.75; (2) &HFEES.

W 1.45ml/min; PP, 35ml.
Bl 1588 WEEKFIFETEENEG oH @, ik oH EXEBHEEEEERY
W OOLE9) , ZEREM BENANET, B pH EREEATEE,
(A BESFHNER
1, Fofrfkok B CL) s fE
A RREL) MRS TFERB L TEN S RAREEERNER, ARMAEE
R AN FoEM e ERAEXm., RESEML7 (B7), Tals—-N%
! gtk Ela— HIBA ik ErC Rk pH {H, HARIE (6) fn () X E R 1+ B 45— Zla-HIBA
P FCAL R ECLIME, MIACLIMENGEBERE t RIETFFH Zi ZRKXER, TUE R
LEABEEET, RAERKELISEZNE { ZAFSTTRFEENESXRE (40
SENMEXRAZEN L) « (L)=0.0061t+0.049, XHBHERLHET 5 W & a-HIBA
By BC N R IREECLOMRIERA Y, AN R AR S S TR &R NS EN T4 &
Mo REEEGW. ETRAM AT SRS EIX MR FIREORERE, X
REHEBFET AW,
[ IR TR B R E (LIS PR Zi ZAWEE TR TEHOESE % & =
KR
(L)=3,45%x10% x Zi=6-22 (8)
O X EGLMPYEFRIMOEP I ERLENe-HIBA g (LY M Zi AR X BR—
ﬁé[lZJ.
WANBXETARRSBET L, MRES BRI HEN, HEye
HERFK IR S E KR,
2, EXHEE
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B 10 2T A e & T RIS REE (HETP) H, 8%k, NBATUE B
ARERHGT, He REBNH. Db EERER Gd A6, Hp=0.,04mm, #H
NEEREBELTR 2,577 /K, SRR ERTHELETERTN.

N HETP ZE AR RS M T I L SR R IY A 3T IR 8 11 1Y
AMRTEES, EN

HPzL/5-55'(Wh12/tR)2 (9
DR LR, W BT, tx WIRERE, Her HEBEREE,
4 (9) I H45
IOng: -210gf1¢+10gL'Wh/2 /5.55 (10)
3.0}

logH = ~ 1,48 [ogtn+0.61
(1) Bl ad: HE1;

20 (2) 0.2MHIBA, pH4.5:
E . 8 2mm i.d. x85mm;
= F=1.54ml/min;

1.0

pH4_9(4)pH4'—5(2) (3) pPH3.9. HABRI(2);

(pH4.9, H{lE s
w (1)pH4.9, HABF(2)
0,0f

57 59 o1 6232_163 67 89 71 130 LT T Togty

P10 RT3 A R T A AR 5 [ P11 HETP 5RPME te 2 KRR

(B &HREL)
EREAETEMEREB TR RBRESE NN, EEBEET, T RA
S A B TR T OV 0 ) B iR B SR 8 EM FK, UL 10 P& F— |

log Z 3 LR R H (RRE—EMD . ETERSNHER T, losH

logt, ZRMKFRZE—&FEN -2 HELE.
W ATAESETH logH » 5 logte fEA (LA . FEHEZ logH p— logty B
RIGAIEN 1,48, HHEATIERABETEEEM.
(%) HEHNILRABNE
AR S IE X K (dead zone)V, GMIE, R RMAER EABMEETF 52 # W
Ne BB sEeE, E— W Fo WBERKKET, WHEHRERA &, HNENE
M (dead Volume)V 'y,

Va=tyF, (11)
RGNS (0 RERE, (ERIEEAMET M E S BB L AR, BMRER TV, i HE m
IEHIS B AR V. HEREE V., WMABAK a 7.

(Z:TZ?:— (].2)

AR TAEME % 1F 2L 0.12M pHAL0 ia-HIBA R IR kB, W# A 1.75m]/min,
PR 5u10.1M KCLiEM, R RHE TR AN, RBE J +0.15V, LfEmik
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KA, ISR, HEAGRE, BRERAGEMNE., RERERTEHE, W
SAMAEECH 0,41 (BEK A 191mm 1 85mm FHFE) .
MEABAYE, KRS IREE D Ry EAL L & TR FitRE:

—-al,
D= Vrza 1
(1-a)V. (13)
- i } R —aV,
f= D, Vg, - 75‘V (o

() BLTENEETASEFREZEHNXER
U R S MR BUER B & IR BN R TR I S S A e e, B FR
J"'/&L';ﬁfﬁfﬁﬂjka NPT T X B, EETIFILNEEXRR,

. WL ENSAR D SRRRERR BRI Z ] 22— FF Dl - 1.64—
—L%%ﬁ&ﬁ%<ﬂEM).%w%ﬁ%ﬁﬁﬁmw,%ix%m RABD %
A BN

2. Mo EORENE logt, SIRFFBZAZRIFHELRKR, REME log f, B
FRCPIE M 21 TR OLEILS) . 3 58 R A, Loty 55 ZiZ
AR TR,

logtp=—0,0583 Zi+ 5,14 (15)
WRES LW A EMLE, mARBRELABE 2% (k1) .
F1  logte WITHHE SN EEE
RFFEZ | 51 | 59 | 60 |62 | 63 | 64 | 65| 65 | 67 [ 68 | 69 | 10 | 7
RIS)A R |182(170{164)153|147[141[135(129\123[118]112'106[100
3w ‘178'170‘166|154 148‘144]155”128’123'117117*1;]105(100

3. FE—ERREER pH EM o-HIBA SR L onBWERS AR D E, W

HE logD HERFRFHZAMNRALR LRBRT MATERNLSHUN LAY |

2ok logty= ~0,0583 Zi+ 5, 143
r=-0,098

120} Gd
a &
A K
0.80}

Dy,

H 1,50
0. 40K

T

Yb \

0.00@11\
-0.40 1.00

0.00

-0 40 ¢ L PR 1 j\q\a

<100 -0.00 —0.80 —0 70 a— o 3 L
log(L) 57 %9 6l 65 6o 67 89 Tl 59 6L 63 65 67 69 71
Zi Zi
E12 logl-log(L) 27 sk E13 logtp-Zi¥H B14 logD-Zi [AIPY4Y 4R B R
th3 %R E 10 AR K. 8.2mm i.d. X8mm;

CERR . 0.207HIBA, pH 4.90;
i 1.55ml/min,
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UV BEECKRNSEMUET LN RERRRE
Vit a5 2 — e L R 3% 7130, ST 4 B 2 R D AW 404 7 T A VLA 1
AR AR, ES i R T 5 45 K AR R T 45 535 IAE VR 7E A EL R I AR5 4
PATRARR R, BRI N 100%. ATATHERICROOHECEIEY, £
SUTFRANSFHEERAOBMEER. RITAAIXEELHFERA KECEA
M, BRGNS SRR SRRRE N VAT TNRET K. B RINERS
X AR
% 8 5 6 61 oo 11z KTEHE T RELE TR LTENRAAE, &
1,00 BT £ T E R R AR ST R R R & 1
o TR—EKN GLELS) . — PSPk XA L
0.60 R ACE Ha-HIBA B M EMBLSH ML, (1
Tro  mmss-log K, wods e —5m, LE 15 h ks
g Brmifyih g, RS AT LIE H, BERCE ) XL
S RSN ML & SWNES FAR S, SEFFHK
WAL MAEF R, AR 15(5) .0, 8%, Blg
ERME, RZF%. Bh O, WERBRWM T HEE T
K%, B15h logK , 2% S W ELETR BN
A, MRS RREMEN. 2 AML, &M
FoH.

30

& :ﬁ__rié__iﬁAt'EL]“
1720 YT 14, CL3+B,eCL]? (16)
W e e W Z +PalLI% + B LY
15 @, 5 Zi XE(H) X B ARBRREH B HICHR8],
7,10gK s 3 ZifI%FA (F) XN T 32— 5 T 5 e R 3s k68,
G EFRR 052,30, ym s g e ey
(v §#. BRENaEERNE
KR 0.12M pH4,10 #y a-HIBA AU BLH, H#EA1. 53ml/min, A & & J Lu
6.37ug/ul, Ybs, 65ug/ul Fa Tm5,120g/ul FIFRHEER, HFFE10—30p] $E1T@I5H B,
DLW TR B X A I R B () fE TR 4R A A &R RIAR HERE &, 5 TR M R0 (il 2%
PdfTommE, ARl es, RERE 2.

#2 . ERENAENESR

T mERRARGe | M B B | B H R E | ERRE
Lu 127.4 123.6* ~3.0% 2.4%
Yb 113.0 117.9* +4.4% 2.5%
Tm 112.4 114.5** +1.8%

¥ SRIETAER, % BIRIETHILER
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HPIEC SEPARATION OF THE RARE EARTH ELEMENTS

AND DETERMINATION OF Lu, Yb AND Tm
Fan Biwei, Liu Mancang and Hu Zhide
(Department of Chemistry, Lanzhou University, Lanzhou)

ABSTRACT

The 13 rare carth elements were rupidly separated within an hour by

using the cation exchange resin of China-made type of YSG-Na, the high

speed ion exchange chromatograph of China~-made type of SY-202 with a

coulometric detector, and a simple out-gradient apparatus installed by us,

a-HIBA was used as eluant, The concentration and pH varied simultaneo-

usly in the given gradient condition,

Some relations were studied under the given experimental conditions,

The following formula was obtained,

= - — _— ,EE,,,, _ 7Vo+(F1—f7.?)t
C=CiCrmCorexo] p T 0 TR TR ]

where C is the concentration of a-HIBA at tte time t, C, and C, are
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the concentrations of the eluant (C,>C,), F, and F, are the flow rates of
the metering pump 1 and 2, V, is the volume of the eluant with C,.
The relation between the concentration of the ligand (L) and t can be
expressed as follows;
(L1=0,0061¢+0,049
The relation between [L] and the atomic number of a rare carth (Zi)
can be expressed as follows,
{(L)=3,45-10'%-Zi"6-2*
The chromatographic behavior of the elements was studied, [t was
discovered that good liner relationship existed between log f, and Zi,
logtz=—0,0583Zi+5,14
The tctrad effect of the lanthanides were studied by using HPIEC,
The causes and rule of the change of electrolysis efficiency was

studied,



