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Abstract: This paper introduces a method for separating and collecting heave rare earth elements in samples with
complex matrix by AutoPrep pretreatment device combined with ion chromatographic technique. Two 8-port valves
were selected in this method instead of eight 4-port valves used in traditional method, while a GS50 4-channel
gradient pump was employed to provide different elution conditions in order to selectively eluting anions, alkali
metals, alkaline-earth metals, transition metals and heavy rare earth elements step by step. Then the matrix-

eliminated samples were injected to CSSA double selective column by switching the 6-port valve to inject position to
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obtain the final separation of residue metals. The analytes were then determined by UV-VIS detector with wave-
length of 520 nm after post column derivation reaction. The element collection was implemented by on-line collec-
ting solutions from the cell-out tube during particular time fractions confirmed by the former chromatograms when
the flow of post column device was turned off. For the samples with simple matrix and high concentration of ana-
lytes, direct injection method was used with detection limits of 8.3 ~21.0 pg/L ( S/N =3 ) and linearity relative
coefficients of higher than 0.9992. The resolution between each two peaks was higher than 4 and the precision of
the method for peak areas was less than 3% RSD ( n =9 ) with spiked recovery of 89.0% ~ 110.8%. For the sam-
ples with complex matrix or low concentration of analytes, preconcentration and matrix elimination method was
used. In this case, the detection limits of 0.67 ~1.43 wg/L ( S/N =3) and linearity relative coefficients of higher
than 0. 9994 were obtained. The resolution between any two peaks was higher than 3 and the precision of the meth-
od for peak areas was less than 4% RSD ( n =9 ) with spiked recovery of 91.2% ~106.0% . Both methods possess
of the advantages of high sensitivity, good selectivity, high automatization and time-saving. The results for actual
rock sample analysis are satisfactory.

Key words: ion chromatography; AutoPrep pretreatment; heavy rare earth element; complex matrix; separa-
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Fig. 1 Scheme of AutoPrep for the application of

matrix elimination and on-line preconcentration
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2.0 mol/L NH,Ac ( pH 5.5 £0.1):HL 600 mL
EEF/KT 1 LA FREE,MA 115 mL &4k
UK TR R ). e XUHE 28 12 i A 130 mL
@ =20%( &%, T IR )/ NH, - H,0 JfiR2).
K22 NH, + H,0 5% HAc #8797 pH £ 5.5 +0.1,
HEBEFRKERZ1.0 L,

0.1 mol/L NH,NO,ZZ & ( pH 3.4 £0.3 ).
H200 mL £8 7K T 1 LA, MA 6.3 mL
HNO, S5 A ¢ =20% i NH, - H,0 8.5 mL.
HEBEFKEARAZ 1.0 LIFRS. 10 mL Lk
W, 0.1 mol/L NH, - H, 0 #{ 0. 10 mol/L
HNO, 495 pH £ 3.4 0.3,

0. 0060 mol/L MLIE 2,6 — ¥R PDCA )ikt
W MU A 0. 040 mol/L LiOH.0. 006 0 mol/L
PDCA 0. 090 mol/L VKRR , FH 2% 85+ /K #i B I
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2.0 mol/L HNO,,1.5 mol/L HCl - 75% Z. %
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0.10 mol/L_H MR .
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Table 1 ~ Compositions of the eluting solutions for samples with simple matrix and complex matrix
R A T GP50 A 4% (BB 5E) GP50 B % JH%E )

HHETR A B C D A B C D
SRR, B ) B ) PR 060(0)200 ;“(Z’ll//LL Séff’ 0.10 mol/L BEf%, 0. 10 mol/L — HRR,
HAEE FK 0.090 mol/L IR 0.19 mol/L LiOH  0.19 mol/L LiOH

i 2.0 mol/L 0.1 mol/L p A N
I . mo 2.0 mol/l. mo g 00060 mol/LPDCA. "0 o r %, 0,10 mol/L — A,

IRV B Fok NHAc, HNO NH.NO5. Fok OO moVLLOH, 50 L LOH 0,19 mol/L LiOH
WA pH 5.5 0.1 P pH3.420.3 0.090 mol/L JKEERE '

. 2.0 mol/L 0.1 mol/L ) e e
BREREER, 1.5 mol/L mo 2.0 mol/LL e sy 00000 mol/L PDCA, oy s 0,10 mol/L — AR,
WA WISz o, NN S 000 mVLLOH, Sy g vion 0,19 mol/t Liow
A v pH5.520.1 3 PH3.4:0.3 0.090 mol/L vkEERE 0 ey
22 WIASEARER LRy SR
Table 2 Gradient program of direct injection for samples with simple matrix

Hif ] = GP50 FEkPEI SN

Ymin  PXPF Crbis) i

-15.0 0.0 100% B - CSSA AL, I PDCA K E—%1 C 50 D IRUES I ARG 8 Fe AL VERL T OR
0.0 0.0 100% B R
1.0 0.0 100% B A CSSA BFEH:, FH PDCA ¥575 + o R T4 A =M S T IR S BT 2B L
go o oh AN FHKT 6 €5 8HE 2 Smin  PDCA nhigh T4

6.1 0.0 20% A ,80% C e e A IR 11 L T .

9.0 0.0 20% A .80% C. FHE R G VAL & LV &R A Lot R

9.1 20%A,75%C,5%D  FFsF —H BRI GER +ou %

19.1 0.0 50% A,25%C,25%D  BEHKR ZH BRI , /3B BRHUE G oo 2 Ve T ok

29.9 0.0 50%A,25%C,25%D  PRIFE SR EE — H BERRIR VG , K A # T VR T OR

30.0 0.0 100% B 13 PDCA WIHIRAS

D CP50 ACIE A5 )T s TR T AT DXP %2
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Table 3 Preconcentration gridient program for simple samples and matrix elimination-preconcentration program for complex samples

GPS0 A FEMR UL
w O mppnm DXP A GPSO MR -
vmin g Y WRE pAnleominT')  HRERELR FRIE
- (mL +min~")
-13.1 100%B 0.0 Load 0.0 100% B WIERIRAS , DXP ZE A GPS0 ZE 54
-13.0 100%B 2.0 Load 0.0 100% B T GPSO 2 A%, 1Pk 0.5 min, JH NH,Ac P47 CC - 1 HEERRE pH 5.5
_12.5  100%B 2.0 Load 20 100%B fFIH DXP % ,‘ﬁﬂw&tﬁ:,nxp KK 250 WL 2RI AORE S s
#A CC-14E
. REFIZE CC =1 HE 0.5 min, MRIETA FEG M E LT, B 778
-12.0 100%B 2.0 Inject 2.0 100%B CC - LA 3 AN
AL £~ Wy _ YO B A i
100 100%B 10 Load 0.0 100% B \imm,(f) B, NHyAe WPk CC - 1 4, ISR AR 42 8 Fi + 4 /&,
AP
-9.0  100%B 1.2 - 0.0 100% B BRI T
FHNO, AR B FE CC - 1 AR A AR T F DL + e R ST UE i, IF]
-8.9  100%C 1.2 - 2.0 100% B I FFIE DXP 2,76 CC - 1 #E/E LB F /KK HNO; fELF B, PRIER B
J& HNO, 3BFEA S LUK I 428 Fe AL FIF 1T E M TMC - 1 AEBE
750 15 Load RZS , 753 165 /\ il I 2 [8] K207 1 mL MBEARR, O 2
9.0 100%C 1.2 - 2.0 100% B 2509 min AFELR FE] , DURSE 004 3 AT 1 48 A g A TMC -1
e, T LA 2o 07 3 A 1A pH A 50 B )
-4.0  100%C 1.2 - 2.0 100%B FREH HNO, T CC -1 4 5 minC HPE 1 min (U3ERRFE] )
Xof T (A B R R R B 1 min s X T2 236 0KE 5, F HCL Az
-39 100%A 12 - 2.0 100% B maieri Aol TMC - | | O k4 R TE 24T HE FEPE ML E D B
-3.0  100%A 1.2 - 0.0 1009 B K DXP %
20 100%D 30 B 0.0 Vo m NH,NO, #hi% CC -1 HER TMC -1 8 pH 3.5, 0 F— A BE e s
i3
PREE 3 min, 75 38 B V)2 5 Inject IRAS, i A B F @15 RE AT/ 8.
0.0 100%D 2.0 i 0.0 100%B PDCAMRUEWEAS TMC - 1 FE FREIEG IR Fe AL IR +7C 2 EE
0.1  100%C 3.0 i\ 0.0 100% B F12.0 mol/L HNO, ¥ CC - 1 bR EBEA Y BRIk A B TR
3.0 100%C 3.0 - 0.0 100% B PR3 3 min, 7538 Y13 Load R4
3.1 100% B 3.0 - 0.0 100% B FI NH Ac ¥ CC -1 HERI TMC - 1 AR ERRIE pH 5.5, - 0-FF 2 min
5.0 * 0.0 - 0.0 100% B FH] GPS0 A
. - CSSA e, H PDCA ¥ 76  T R A% AR =M E 7, 3%
12.0 PS 0.0 - 0.0 100% B SR EE R
12.1 * 0.0 - 0.0 100% A FKT-H AL 2D 5 min, H% PDCA whife T4t
17.0 * 0.0 - 0.0 100% A
17.1 S 0.0 - 0.0 20%A,80%C PRGBS PR LU R AN I G
20.0 * 0.0 - 0.0 20% A,80% C
20. 1 *% 0.0 - 0.0 20%A,75%C,5%D  FFIEH — HERRIK R -0 €
30.0 > 0.0 - 0.0 50% A ,25% C,25% D ZWiHEK BRI EE , W Bt A H o R Ve T ok
40.0 * 0.0 - 0.0 50% A,25% C,25% D (RS i VR 2~ FF BRI 1 BT s T RN TR
40.4 * 0.0 - 0.0 100% B [ ] PDCA #IHAR A

1.4 FEShRIALRR

Hb ST it DA 20 32 TR A 7 T ik A T e 0 %
SIRE TP . WERAES P A RER
Si0, , A HF #EATIHAME . R rhAREA T T
R, IS IRER A LE T R IR A A
R EAREAE . WEOREA W MIER T &A
1000 mg/L LA F#Y Fe( T )F1 AIC T )L A2 800 mg/L
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X FIRART TR S A B R W Fe AT AL ROAFE i, HE
FEL I HEATH R RS G e 4 Jo PR AR 43 AT

ASCBE I MetPac CC — 1 /& 5 A RALIE 3t
T LIRBIRS IR B G B L TR A BT R AR X
FHIBNG PR B AT N ZE 4 B A 1 4 R i
177 .4 o L for B0 5, S5 B 1) S R ) A
ARSZHGVEFHM S MetPac CC — 1 244, Horp g —
L, H5 GPS0 A2 A B () B A AR 2
AR AT REAFAE Y i T3 43R 4l 5] A 21k vk
W 4 BRI TR S PRIE R S R A
ARV AR . 45— 3, IR 1 e ee i =i
W Z [] ()2 AT, S R RV pHL A IR % R B AE
B N TR = ST RN O 1 Ry A 1 e o N2 e g 1
+IC AT o N EE A A, H AR S5 vk
pH 5.5/ NH,Ac Z¢MiEW , IR TE CC - 1 #F 1
(A0 4 e R - 4 S Ve T 28 P Vi, T 28 K 240 &
JEICE A+ e R P MR B AR AE L X R
K WAE pH 5.5 B, Mg Al Ca 5 NH, Ac JE R4 4
Wi . G, ARSI L pH 5L
HNO,( 2.0 mol/LO)FEMZER ook CC - 1 A, 1%
BA AE H: T B 43 B T 3 MR e R e e 2%,
S B, R E AT CC -1 s =l i By
DXP &, IMA LB /K Bt CC -1 HHARHEA
TMC -1 #E/#9 HNO, ke 177 S BE, LAORIIE
AR BEJS ) HNO, R38R B2 A 2 LI i CC - 1
YRS TMC -1 #F i &R o R A £ oo R vem
BRI

TMC — 1y i 25 o B4 it R 75 PH 8 58 e A
BE R i AT, Xt — 4 LL 1 BH 8 1 5 A 3o 1 35 A
Fo MFES TP E A R S B A R Fe 5 Al
I, SEERE R 1.5 mol/L HCl - 75% ZBER AV I
VeI 4@ oT R AL HCl P i 5B A R
W T 548 TE, i Fe 8¢ Al [ FeCl, 1~ 8%
[ AICL, |" 55FH & 7, M L BEfERESR B h & & 4
T RN, A WA S T B B PR A X
[ RS (U e o LV A - VA | A5 A e A TR VA
1A, T AT F BH 2 1 28 e 3 A 4L AR 1Y) TMC — 1 1)
g AR B B VeI W, 7 TR A S 5 HC
— LTV A AR B A5 S N, T B BE R b R B8
FERE L.
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T— 2, ARSI B¥EFH pH 3.5 9 NH,NO, ¥
TMC — 14 ph &R g e Y, fif 42300 PDCA Rk
T pH E, FEMES . ZJ57E PDCA #hik TMC -1
FERYIRIF, ] 2. 0 mol/L HNO, F-/E 3% CC -1 #F,
)5 pH 5.5 ) NH, Ac ZEPiR R PEM 2 CC -1
FEFTMC =1 #F, i F — IR SEAA T B Frve 46 & 45 1
JE AR 25
2.2 AutoPrep Hi AR

B3 AutoPrep AR M 1982 A4 24,
ZRIET 20 434, AutoPrep 45 A 2 1) JT i £ 46 i
B, S R ACHR T A SRR D RE 58 RO T B
L EE ARG HE BBV . A g AR —
Yl TAER —IEZ AR, HEAMRSETZE
AL TR (R PR R . AR S0 FH Y
AN KUZ DU [ A —A 753 1, B T g 90 4RAR
WIS FHIY 4 AN RUZ DU I8 i (4 A 3 21501, 787
2T AER A 1 R [RAR T R VR B2 2 . e BB
SERTEBRFNES & W 430 o i D) 4B 1] (4356 v, AR
S AT DA e A AR RN PR VR R B B
VIt ], f T2 G 28 45 Ve A0 Bk U Wi ) pH
{E25 5 Fb AR, Ir LA AT 3 2 X A () A8 3 ot + 1 VAR 1
pH {ER NN ASGIE , HEA T — 2%

2.3 iRk

— ST, 4R TR A Lo R i 5
55 PR 1 P S T U AR 4 G IR 1 7R Gk A
S B EE B A AL R FE B RS R A
SEA RS, BRI ) pH E X 4 )8 B
KeFis +TCER N o B AR B A AR K SE . B8 s ik vk
WY pH E 3G ss /e 0 = e, i 58 2 19 &)
BT R IR IE B C A W I DTE R A B B ik
AFR A 46 JE LR B I R] 5 S 2, BRIk e T 1)
pH (H &I KA R E] . SCHGFET Li ™ X [ 2 4 5%
%5900 e LiOH HEAT pH B M8 .

EAACPIVE 1L e e Rt )5 Y = (WS
55 FRTE U286 ) B AR P DA KO [R) 2865 vt 2
FAHAFE I PE R . A L PDCA | IR
R R T A A i DU GRS B TR A R TE , X i
WS)E Fe Al fifG LU KL R I/ 5. 78
PDCAWYERT B, & )8 TR 5 PDCA JE AR & 1) —
Wrel M A BT, i R T A = 4%
GRE T, =M PR L — M F
S N 2 FE7R , 7E5C R B4 R ) B B A A
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TR B LR SE A Fe Al AL IS T B K
() =M 245 B i R B AE i A i T , 48 e %
TN HAE VRN IG , A S50 S & T K
PDCA 13k T4, RIEHE# + 0 R 456 W k17 i
2 BRI A U H BERR I R K A s R
TPV BXORFON IR H B S5 oo R IE
LRI ZE 4 A 8L PDCA /N, BT LLAER 7
JCE 5 PDCA M-S WML T, 55 IR — H BEIR
TE U G H B /N8B, 466 B0l IR B
Bf Rl . PRIUEAR o0 R 5 R A — H BERR Y A
Fe e PEARX AR 28 G W) e O/ B I RIS 4, A R
FeMmnE.

SIS IR F I R AN T P R v R
T E AR A B R A, A TS A EIE T AR A AL
(R IERA I o T SR 5 L R 40 5 B, AT LI 24 PR AR
TH R R w22 H R v B A K
Bl 3 bR A A g 1

0.457
0.304

0.151

B G2 /pS

0.00

-0.151

0.06.0 12.018.0 24.030.0 36.0
t /min

(& PR ¥ SV TP S L SR b F g ) R A
Fig.2  Chromatogram of rock sample by AutoPrep injection
(AT : CSSA + CGS A, MR BE A A M AELL Ak B A1
PRI 3, RV HAE 1.0 mL/min;

B S AT AR - PAR 58], AT AR ATE 0.7 mL/min,

0.25
0.20 1Tb

2014 2Y3Tm

Pl 4Lu
o 0-08

# 0.02

-0.05

0.0 6I.0 12|.0 lé.O 24I-.0 30.0
t./min

3 BRI AR AR ik ]
Fig.3 Chromatogram of simple sample by direct injection
AL - CSSA + COSA, KDL AR AR TR 2

FAFTEILAR 2, VB IEIA 1.0 mL/min
HEF AT A= 107 : PAR 30, A7 AR W 0.7 mL/min.
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e AutoPrep 7F £& Fiil 4b ¥R 15 4%, 7F 4 & fY) 1il
ALBRAEGE 2R, 4 1 mg/L TR A b vV RN
R Ja I A ARl o B BEE 9 IR, B %8 Th Y |
Tm 1 Lu (03 B3 B () 004 T8 AR A i 90 1A 0 A
EImZE, RSD ). 2 4 255 0] DL, DLW 1 AL
TV X a7 B B A O I 52 F AR, T vk B ORG R
( RSD)¥I/NF 3% .

4 bRE I AR LSRR AR A TR
P AL B RHEAEIE 7 IR %%
Table 4 Precision tests of the method by direct injection for
simple samples and by matrix elimination-preconcentration

program for complex samples

0 R e RSD/%
#uujj‘ﬁ—éjri RN

- Th Y Tm Lu
PRI WA 1.441 2,051  1.508  1.600
HEEERE [REARIE] 0.225  0.276  0.204  0.251

L FEZE S 1= S T 2,593 1.864  2.239  2.544
MBHRAIRER  mense 0,033 0.054  0.111  0.215

2.5 JjiEM GG ISR

TEHGE 29k B (TR A AR W R, R 1
Mk, SR EIEIERE 7R LR AL B 5 SRS ik i)
LRNE G BRI ARG I BR( S/N =3 ) I3 5. S5,
Xof ] BRLBE A SR Y B HERED SE 4 FhEEAG LRI
LNV T8, A OC R BT KT 0.9992, J5 i iy I
BR( L, )M 8.3 ~21.0 we/L; Xt A3 4A, SR FH ALK
T B3 R AE 208 v 47 10 Ak B, 28 M A 06 R B KT
0.9994, 7 AR M 0. 67 ~1.43 pe/L.

465 ERPEVG AR IR

Table 5 Linear range and detection limit of the method

e g SRR MX Ly
v SE RS AR - o
I FRIfERLR LA R oo/ g L) R (g L)
Th y:6><10’5x+()40013 25~20000 0.9999 8.3
PRIy 20.0001x+0.0045 50 ~20000 0.9997  13.6
I Tm y=7x10 4 +0.0002 50 ~20000 0.9992 11.2
Lu  y=0.0002x+0.0004 100~25000 0.9998 21.0

. Th  y=0.0002x+0.0004 5~10000 0.9996 0.67

PRk ) .

WeAgve Y y=0.0002x+0.0229 10~10000 0.9999 1.17

HIEHERE Tm y=9x10 7 x+9x10 7> 10~10000 0.9994 0.93
Lu y=7x10"x+0.0003 10~20000 0.9999 1.43
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2.6 JiiEMMERIRE

Qb B 1) 25 A A i L 0 N S AR T B A T
VAR 200 B T R R AR AT — o TR R o T
AR R IR, 3R 6 L5 AR, X Ay g
A, 7RISR R )M 89. 0% ~110. 8% ; % & Zu 5k
A&, RN 91.2% ~106.0%

6 JiILUERIEALE

Table 6  Accuracy test of the method

p/(mg - L71)

BERL BbRE LI Ol
R ERE wma e wRREE P

PRIV Th 3.43 5.00 7.88 89.0
JEE3liRas Y 4.33 5.00 9.19 97.2
Tm 3.97 5.00 9.51 110.8

Lu 11.90 10.00 21.88 99.8

HAORE S Th 0.87 1.00 1.79 92.0
2RI Y 2.35 2.50 5.00 106.0
*”Effm Tm 3.32 5.00 7.88 91.2
R Lu 5.56 5.00 10.65 101.8

3 RERCAE

ARSI BR T AT AR St i BE SEA TR A, 2 m]
DLIFIA ISCO TR A AR 25, AR O8 B B[] XA 07
TR o X7 BRI AR, SR H B2 E AR, Th Y (T,
Lu &5 4 DM 4306 2 [ 04 55 15 FE 43 30k 5. 38
7.29 4.25; X Z 4L KRR AL LS 4 4
DN 2H 53 Vg 2 [A) FR) 53 25 BE 4 i) R 4. 67 .6. 63 .3. 65,
Pynr ik 20 2 o B AR . ARSI T LR A
ChromeleonXf ISCO W £ #4751, 758 — IR
PR 2 B 8] B, O P A Ji5 A A 2 B DA Lk i A
PAR 0 , 78 22 J5 1Y R R i ] LS B0 7E 2R I 4E 4y
BRIy itk — L Al A A

4 énln

ARIAFRIFIH AatoPrep H 31T AL HH 2L & I
B eGSO R, AT LS B & 2y AR L rp
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