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Determination of Trace Lanthanum and Cerium in Rare Earth Steel
by Inductively Coupled Plasma Optical Emission Spectrometry

GUO Hongjie, LI Hui,ZHANG Yong

(Institute of Metal Research ,Chinese Academy of Science ,Shenyang.Liaoning 110016 ,China)

Abstract The sample was dissolved in 3 ml hydrochloric acid and 1 ml nitric acid,and La 408. 672 nm and
Ce 456. 236 nm were selected as the analytical lines. A method for the determination of trace lanthanum and
cerium in rare earth steel by inductively coupled plasma optical emission spectrometry (ICP-OES) was
established. The results show that the calibration curve of each element has good linearity, the correlation
coefficient can reach 0. 999 99, and the determination range is 0. 0001%—0.10%. The detection limit was
0.00002% for La and 0. 00006 % for Ce. The relative standard deviation (RSD)(n= 8) of lanthanum and
cerium in standard samples were 2. 2% and 1. 7% respectively. The method is simple,rapid and accurate,
which is suitable for popularization and application.
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Optima 7300 DV AU o J@FE G 55 25 F K & 9t
REAY (3£ [/ Perkin Elmer 23 1) . i} & 1 MR ¥ #E &
S5, TAHESF L3 1; ICAP-Q R H B & 46 3 1A
J AN (S [ B8 B AR B A D 5 4l K A
Millipore & 4li/K &5 .

%1 ICP-OES TiE&#
Table 1 Working conditions of ICP-OES

% /W 1100
A TR R/ (L e min~ 1) 16
WA WA/ (L s min D 0. 20
FAS W/ (L s min D) 1.0
PEFER/ (mL + min~ 1) 1.5
FUora(a] /s 5
Sy =X |

1.2 K5

La bR 8 (1 000 g/ ml, [ AR A A1 1t
HUL AR B » Ce FRiER £ (1 000 pg/ml,
F DA BRI O BRI 5T S BE ) La, Ce 3 T
YEW W (100,101 pg /mL) . Hi La,Ce A5/ fiff 25 5 T
BRARRET N A A TC R DTS 24 SR e il

SLHS HIER IR L AH R L R 0 MOS 4% 46 i
5 S5 K B 4l
1.3 WA

FrREL 0. 10 gCRS B 2 0. 000 1 @) #E T 50 mL
Wk H P, M A 5 mL H,0,3 mL HCI, 1 mL
HNO; , F 60 CZA MINEE 2 2. R =
il ER GRS R, BERBHEMA 3 mL
R I B T IR R AR 1 B E 1Y
e TR AR T A P-4k 2 b 28 e e SRR AR 25 T K
BHL A S mL K ARBR MM E KB R E
- TIDIER S Zeaee IR C L N
1.4 HREBBRRIIBE S

FRIC 0. 100 0 g @4k 8 fy 43 & T 50 mL 4
BRI 3R 2 A La, Ce 45 1% W, 4% RS2
B 7 AT AR AL B

x2 HRAEBRRRH

Table 2 The preparation of standard solutions

SrHTt R FRUER W/ (pg » mL— 1) I 9 5 Y1 A AR/ L
La Ce 1 0 0. 10 0. 50 1. 00
La Ce 10 0. 50 1. 00
La Ce 100 0. 50 1. 00

2 HR5®

2.1 HERIEE

Sy MTIE LR N TG 2k T 4 LA R 05 1Y R Mk
PEJE L T a8 HE FE Ok &b, B0 P ik E Gk &
La 408. 672 nm J% Ce 418. 660.456. 236 nm {E } 5+ H7
. AW T KM% W [Fe (95 mg/50L),
Cr(1 mg/50L), Mo (1 mg/50L), V (1 mg/50L).
Al(1 mg/50L) Ni(1 mg/50L) |41 # . W 22 Je A7 50 2 %t

SITICER B AR TR AL . SEERAs SRR B4 T
% Fe X La 408. 672 nm A7 559 5t T4 (HT PR 5 1R
WERESITT  BAATC R Fe 7ECe 418. 660 nm - A7 55 7 5t 1
P FARTCR Fe £ Ce 456. 230 nm AbTEH 5 T & &
JLZE 1 mg/50L ) Cr.Mo,V Ni, Al %} La,Ce %)tk
I T 0k La 408. 672 nm.,Ce 456. 236 nm {E
RO, A SR N T R 0T R Z B 16T
T B A5 R R W Ce &% & KT 0.05% B,
Ce 408. 668 nm ==X La 408. 672 nm F=A: 3 5190, It



o5 3 3]

SRAAS A LB 5 B 1 AR B D60 (TICP-OES) 3 I 12 # - 8 v (i B i 77

A 2203 La 408, 672 nm W 5 s (9 3EHL,
2.2 EBEFHEGHRK

B IR SR R I T R L BDIRAS
24 i 2 e DU i SRR 5 oh T RO R R R AR
FURZEAEXF La., Ce 5% M — B, A ¢ LA La(0. 001 0%)
B, B )R A B R L 5 A B
T 2 SRR 1 e B v i B 5, LA DL 1~4,

0.8 premn
—a— {FH
R 11800
0.7F
41 600
0.6F
fé 41 400 Eﬁ
41200
0.4F
41 000
0.3F
L L L L L L L L 800

700 800 900 1000 1100 1200 1300 1400 1500 1600
B ESA\G

Bl hERHFW

Figure 1 Influence of power.
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Figure 2 Influence of plasma gas flow rate.

0.51 —
—a— 5T

—m— Y 71550

0.50

0491

11 500
0.48

20471

&

11450

i

™
dz0.46+

0451 41 400

0.44

0431 1350

0.42 L L L L L L L
0.10 0.15 020 025 030 035 040

SRR EL/(L - min)

3 BRRRENRM

Figure 3 Influence of auxiliary gas flow rate.
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Figure 4 Influence of nebulizer gas flow rate.
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IR AF L M R BE RS, 16 L/min i) i B1F
H 5 A A AR, 1.0 L/min 35 3 & K(E
J > DR R AR T B 5 [RIF  S2 35 3R I 7K UL L 2 T
SR AR T HLAE La.Ce ik 0. 1200F, —H 4
D5 FATHSR — 350 B A3oF ) 385 o ey L 48 v 5 SR A 1k
PR AR B H 0 A s AR DA ke 45 ik 45
2% 1100 WA B S ik 16 L/ min, S5k as i &
1.00 L/min, i By 9 0. 20 L/ min, 7K X0 7 5K,
FROFAFA] 5 5o SRITVILAL Z A I A 1 PR, 45 21 L3R 3,
AL La.Ce £ FRAFHIFEAL T 4 F5F0 5 £5.
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Table 3 Influence of optimized plasma conditions

on detection limits of La and Ce /%
ER TR La Ce
e Ak wi 0. 000 08 0.000 3
AL A 0. 000 02 0. 000 06

2.3 MEE

R WO/ INFR B St AT L 45 A ) R 8 43 BT AR
B AR FRE AR AE AN 5 R R R o 5 A FE
B ELYS VRO BE RS, D e X 55 A 2 L A K s
BTG Y, AR GE I 0. 10 g FRRE R
2.4 BAHAKX

¥ H ICP-OES 43 Hr . 75 4 i Ab 25 pl 975 W11 J=
AL AE B AR O O KA L E K+
o R SR A, 3 4 AT AN R R S
T e 7 Y 25

25 R 8 30 I e B R SR T i A oG
G5 —50, GCr15 B b il PR T IR 25 IR —30
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Table 4 Influence of different dissolved method

on the results of different sample /%

La Ce

FEk EREEAREM EK FERKEEHEREM

G

20CrMn  0.001 8 0.001 8 0.005 0 0.005 0
GCrl5  0.001 2 0.001 2 0.003 4 0.003 4
Cr5SMoV 0.001 6 0.001 7 0.004 9 0. 005 0
316 0.001 9 0. 002 0 0. 005 6 0. 005 8
Cr30Mo2 0. 015 0.020 0. 020 0. 030

BEA R Cr S iR, EARE AL RSB E K+ 5
SRR B R 45 R A1 5 2025 SRR Cr=>5 00 B RE
s B g I g SRR B A AL BR S PR EAT I E . B X Cr
HMEFAERD B Cr S 3. ERERE S HE K + %
SRR B RSG5 SRR 590 ~3020 4247 R b A SR 49 vh
B AR i R R 5 A 2 S TR 1Y 1R 2 A
R SIS I AR B AR Rl U 1 1 PR T 0

2.5 RAEMERKHR

iz W8 35 5E 1 TR 4% 14 R A o 3 &R 80 kAT
JE o VLBV B A B AR B L i SR iR BE Sl G\ A A 22 1
el 2, 26 PR A 6 R B3k RP =0.999 99, [A]
AF s Xl 28 VA VR 22 D e 11 3K, DL 3 A bR eI
SRR AT B S 1O A% A v A 25 11 I 2 T B L S5 R R,
La #& H BR 0. 00002 % . ] 22 T BR 0. 00006 % ; Ce #:
HBR 0.00006 %6, I 2 T FR 0. 0002 %
2.6 HHERBTEETR

VEFEARUERE S 17 ARG S N HEA T RS 9% B 52 0, 3%
e 8 W, A5 UL 5. RSD 4k 2.2%,
7%, EPEARUERESh 27 JEAT T AR a1 52 56, 2%
HLFE 6, AR R 97. 0% ~106 %,
2.7 ICP-OES 5 ICP-MS #{#% bt 3¢

[, % B ICAP-Q %! ICP-MS X #f i #E 47 Il
FE AR LR T ALERIE B RS e G

RS FAEHBZE
Table 5 Precision of the method(n=8) /%

RifERE TR AEM

I {H

S RSD

La 0.001 1
Ce 0.001 8

1%

0.001 06 0.001 11 0.001 12 0.001 08 0.001 07 0.001 09 0.001 06 0.001 11 0.001 1 2.2
0.001 81 0.001 86 0.001 82 0.001 84 0.001 79 0.001 88 0.001 84 0.001 87 0.001 8 1.7

x6 FiEmEE

Table 6 Recovery of the method /%
PRAERER  TTE IAE 5 T AR R
z
La  0.0001g 00005  0.00068 100
9% 0.001 0 0. 001 20 102
c 0. 000 35 0.000 5 0. 000 88 106
- : °0.0010 0.00132  97.0
% 7 ICP-OES 5 ICP-MS 4 #7 4 R tb &
Table 7 Comparison of analytical results
between ICP-OES and ICP-MS /%
. La Ce
ICP-OES ICP-MS ICP-OES ICP-MS
1% 0.000 18 0. 000 20 0. 000 32 0. 000 32
# 0.001 08 0.001 06 0.001 84 0.001 79
3% 0. 008 30 0. 008 23 0.017 7 0.017 6
A
A\
3 g

SR FH P IR 5 A8 8 R R S i vk U A
i & La. Ce, fl Ak J5 1Y 45 #F AT o o 0 5 & & 78
0. 0001 %~ 0.10% f4) La, Ce, A % b #E i 22 7T ik
2. 2% 1. 700, 7 VA TR A PR L HE AR T R H R R
7 BRI R
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