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Abstract: Limited by the development of detectors, the Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES) based on an echelle spectrograph is difficult to complete the multiple element
measurement at a wider spectral coverage. This paper focuses on the improvement of an existing ech-
elle spectrograph. It designs a new wider band echelle spectrograph suitable for ICP-AES to measure
multiple elements simultaneously. By changing the incident angle of the prism, the wavelength of sys-
tem is extented 200— 900 nm with a spectral resolution of 25 000, which breaks the limitation of exist-

ing detector sizes,and realizes rapid and simultaneous measurement for multiple elements at a wider
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spectral range. By combination the Echelle spectrograph and a ICP, several specimens are measured

and analyzed. Experiments show that the ICP-AES with Echelle spectrograph is available to detect

multiple elements within a short time correctly, and the wavelength precision is better than 0. 01 nm.

The wavelength range, optical spectral resolution and the precision of wavelength calibration of the

Echelle spectrograph meet the design needs.

Key words: atomic emission spectrometer; inductively coupled plasma; echelle spectrometer; echelle

grating
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Fig. 1 Scheme of echelle spectrometer
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Tab.1 Parameters of echelle spectrometer

e K
W By 300~800 nm
1 43t fig 0.015 nm@400 nm
M 2 £ % FE 54,49 g/mm
FEMEA ST £ 46°
A B 7.54°
R 322 mm
e 5% 101 £ 26°
W2 B3 A Gt 27.2°

A BT AL RS A U B B
ARG 0 RG5O A B BE BRI AR
i, 25 5 T AR 1R TR AR B R B B R
ACELA e R 5 R R A AR s BT DA BE T
HAT MRS & i TR R g . A U R
FH s R OBCEE Y 58 Ah 3G R A T CCD A AL
(PIXIS1024BUV)AE S & ¢ i 4800 % , Ho M g 48
bRz 2 pin. CCD s B #E 200~850 nm I Bt
BAABHE T R0%, TAER, ¥ i A ik
| —70 °C, il i 5 B AS R B 43 I 18] 30 A7 1 55 1R
SR, BEAE I . ICP-AES 25 7 MU 5% A6 H bR
M PERER oK .

% 2 PIXIS 1024BUV 865 %
Tab. 2 Parameters of PIXIS 1024BUV

PERE S K
1§ IT R 13 pm

15 JCHURG HEL 37 M 7S 0.00le-/(p+s™H)
T8 M M 3. 6e- rms
L) >50% @200~800nm

e B 200~1 000 nm

V8 R —70 C
iy iz S £ 14 <1% @100 kHz
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TRy A E A 2 B . LA 118 gk ] i i Y2t
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Fig. 2 Spot diagrams of order 118 under different in-

cidence angles
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Fig. 3 Two dimentional models of broad range ech-

elle spectrometer
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B, =B DB B . (8)
HR A ik o3 e SCAT A5
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D= (d =0 X (ne —m) % 5-SB27 610, (1)
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(SR 60)) T AT n AL

W AT, Y n=1. 49 B} (22290 nm) ,
Ap=0, HI7E 200~290 nm U BE , A48 IR 1) 5 1
£y B 2 BN G A B B B R O8N o AR YRR O
MGG A AR AT A, 7E 55 A I B b B AR Gl Y E
B G X /N K TE] B K. 7E 200 ~ 400 nm i
BL.200~290 nm T K 91~133, 1 290~
400 nm B AT EFHR A 65~ 90, H IH 1] %0148 Ah
BN AR AR 04 IR ER DA AT . 38 Ao 1 R b S T 5%
SN B i A G AR AT LS O TR B S AR TR
TH] (14 78 43 FL A

AR AT BT BB GG 1% AR 5L 200 ~
900 nm f)4x [ A5 i L (A — E R LR T 5
P B i 43 PR b B A DG M O 1 ASC IR T 1 A T
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F P S il Beiis i 25 F

4 FNRXE HH
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S ZRAT O - 2 Ve B A R e A AR Y
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Fig.4 Two-dimensional echelle spectra of ICP-Echelle AES
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i YRS R A R 5L DL Ar JT R I FRE
WK E RS, A5 Se,Zn,Mn, Cu,
Ba,Mg,Ca,Si,C,K,Na J6 2 7F 17 I8, H ik 4%
WK 3 FrR, BRICEA ZFRIEISL, (AL

£33 ERNFREKURER

Tab. 3 Results of spectral analysis for mixed solution

B .200~400 nm e BE At £ .27, 56°

FRAEPEAC  SClggk g el PRt
- /nm BHX,Y) /nm R 22 /nm
Ar 355.431 (480,225) 355.431 0
Se 203. 985 (69,213) 203. 986 0.001
Zn 213. 856 (132,222) 213. 861 0. 005
Mn 257.610 (315,250) 257.614 0. 004
Cu 324. 754 (446,222) 324.752 0.002
Mg 279.079 (369,293) 279. 080 0.001
Ca 315. 889 (434,307) 315. 894 0.005
Si 288. 158 (388,304) 251. 157 0.001
C 247,856 (284,253) 274. 865 0.001
P BE:100~900 nm MEBEA M A .27. 10°
_ BRI SEMREA A ST PR
E /nm HX,Y) /nm PR 25 /nm
Ar 415. 859 (331,326) 415. 860 0.001
Ba 455. 403 (350,114) 455,415 0.008
K 766. 490 (409,460) 766.498 0.008
Na 588.995 (387,23) 589. 004 0. 009
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