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Development of High Sensitivity Analysis of Micro-alloy in Steels by
Mistral Desolvating Sample Introduction Method Hyphenated to ICP-MS/AES
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Abstract

Mistral Desolvation (MD), a sample introduction method for Inductively Coupled Plasma (ICP)-
Atomic Emission Spectroscopy (AES) and Mass Spectrometry (MS), provides sensitivity enhance-
ment over S times compared to conventional method. When this method should be applied to steel
sample analysis, the mechanism of sensitivity enhancement was verified. It is found that the MD
method provides decrease of 100-250K plasma temperature, which leads to sensitivity loss. On the
other hand, desolvation process generates small droplets and sample transportation efficiency
improves by a factor of 4.7 times, which is comparable to fivefold sensitivity enhancement. Thus,
it is concluded that the dominant factor of sensitivity enhancement achieved by the MD method is
improvement of sample transportation efficiency with decreasing droplet size. Besides, the standard
steel samples have analyzed by MD-ICP-AES. It is found that sample consumption was reduced
dramatically and sensitivity was improved with comparable precision compared to conventional
method. Therefore, this method can be expected to apply to chemical analysis of various micro-alloy
in steels.
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L : liquid sample; 1:PFA tube; 2: micro-flow nebulizer ; 3: chamber with heater(373 K
/413K);4:cooler(275K);5: peristaltic pump ;6 :drain; 7: PFA tube ; 8: Arcarrier
gas;9:additionalgas; 10: plasmatorch; 11:carrier gas inlet; 12: additional gas inlet
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Schematic diagram of the MD instruments
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AES D75 A< FIL ICP-MS Db DL B L7260, EREIC
7T ATIENREL > TWALIETT THDH, LRLEDD,
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RAEBGEST 52 & T, HRIIIIIETE L EE 27,
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NG 81F 5 Boltzmann plot #7830 W ALIZEBWT
b HHRIREL R=0.97 ~ 0.98 FEE D53 L AR ELFF H LT

®1 BAELZFe()DENIRETIXIVF —%
Measured Fe(l) emission lines and energy transition
Wave length| Ek
Lower level Upper level g4

A (nm) (V)

370.925 | 4.257 | 3d".(°F).4s 3d".(°F).4p 1.09E+08
371993 | 3.333 3d%.4s? 3d%.(°D).4s.4p.(’P°) | 1.78E+08
372256 | 3.417 3d%.4s? 3d%.(°D).4s.4p.(’P°) | 2.48E+07
372762 | 4.284 | 3d".(‘F).4s 3d".(*F).4p 1.12E+08
373332 | 3431 3d%.4s? 3d%.(°D).4s.4p.(’P°) | 1.94E+07
373486 | 4.178 | 3d".(*F).4s 3d".(°F).4p 9.91E+08
373.713 | 3.369 3d%.4s? 3d%.(°D).4s.4p.’P°) | 1.27E+08
374.826 | 3.417 3d%.4s? 3d%.(°D).4s.4p.(’P°) | 4.58E+07
374949 | 4221 | 3d".(°F).4s 3d".(°F).4p 6.87E+08
375.823 | 4.257 | 3d".(‘F).4s 3d".(*F).4p 4.44E+08
376.379 | 4.284 | 3d".(°F).4s 3d".(°F).4p 2.72E+08
376.554 | 6.529 | 3d".(*H).4s 3d".(*H).4p 1.43E+09
381.584 | 4.734 | 3d".(*F).4s 3d".(°F).4p 7.84E+08
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2 & MD hi#uEE T3 Boltzmann plot
Boltzmann plot upon heating temperature of MD process
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Results of plasma temperature assumption upon heating
temperature of MD process
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Experimental procedure of the size distribution analysis of
sample droplets by using cascade impactor
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5 ZEMDMBAEEICH T2 ETT1XAH9%H
Droplet size distribution upon heating temperature of MD
process
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3.4 HEBRNTAKERMIZENEDOHER
MD-ICP-AES #:% FI\V2C, SkEMREAEAEY B O 54T & 1
L7 MEREOFL, UTO70—|2CH %2 >77,
FTHMDOICR 2 IR T ERFRAEEAEY E (CRMs) % 0.5¢g
FEE L HCL 20mL 2 L7z Z O 200CIn# L Tt
B & B S, 200mL ICER Lz, T7o, MR
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T2 SKEMFRRIIZEMEDMERE (* 1ISEE)
Certified values of CRMs
(asterisk mark is attached on reference value)

unit: mass%

JSS No. JSS154-9 JSS158-1 JSS001-6
C 0.11 0.14 0.00024
Si 0.60 0.30 0.0001

Mn 1.15 0.47 0.000003*
Ni 0.52 0.048 0.00002%*
Cu 0.20 0.16 0.000036
v 0.30 - <0.00003*
P 0.0045 0.006 0.00005*
S 0.0045 0.007 0.00015
Cr 1.98 0.042 <0.00006*
Mo 0.37 - <0.00002*
Al 0.009 - <0.0001*
N 0.0117 - 0.00021
Co - 0.30 0.000032
Ti - 0.10 <0.00002*
As - 0.092 <0.0003*
Sn - 0.050 0.00003*
Nb - 0.088 <0.00003*
B - - 0.00002*
Ca - - <0.0002*
Mg - - <0.00006*
Pb - - 0.000018
4 - - 0.00001*
Zn - - 0.00019

% 3 MD-ICP-AES | & 2 $ki3AHZEMBE N TEERR
Analytical results of CRMs by MD-ICP-AES

(a) JSS154-9 unit: mass%

n Cu Ni A%
n=1 0.195 0.519 0.294
n=2 0.201 0.533 0.300
Average 0.198 0.526 0.297
Certified value 0.200 0.520 0.300

(b) JSS158-1 unit: mass%

n Cu Ni
n=1 0.159 0.049
n=2 0.163 0.050
Average 0.161 0.050
Certified value 0.160 0.048

WOFEL 0.5g D JSS001-6 L EE#% % [FIKEIZ HCI 20mL
T 200C TMMBGEL, Cu, Ni, V ORERERFZ 0~30ug/
mL &5 XML T, 200mL IZER L7z, EilkoaEk
RS ST 64T C 2 [A147 72 vy, MD-ICP-AES Oifll5E (2 fit
L7z

MD-ICP-AES {# Cekfil iR e E x s L 7o R e R
3R T Cu, Ni, V & bICREREE & BAFIZ—F L 724k R
MESN, ASHTEEZHWTD, HE30 ICP-AES i & [F
EORECTHNTEL T EERMRL 72

S5, MDEETEROBEEALE (22 M)y 7 4
77 4% —, Cyclone B F ¥ ' /)N—DAEGLE) OE

120000

A MD method
®  Conventional method
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6 BHABEAEICHITS Cu(213.598nm) DIZEHF
Comparison of Cu (213.598 nm) calibration curve between
MD and conventional sample introduction system
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R4 ICP REICX T B MD DIRDARFEFER
Experimental results and influence for ICP sensitivity
Infl fi
Our results " ue.r1Ac<34 or
sensitivity
1. Inhibition of poly-atomi Al imatel;
. ibition o' poly-atomic pproximately Slightly effective
ion generation 0.2% reduced
2. Plasma temperature change | 100-250K reduced | Slightly negative
3. Improvement of sample Almost 4.7% .
. . . Most effective
transportation efficiency improved

MRIRIZHARL, F8EOTFEY A X2NITELL T
LW ERG o7, BRI SN IEA T L —F v~
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%o MD ZEBEOMBUZ LY 104m LUT OFEIE T LRI
WHESEML W2 s, ERATL—F v 2 )N—=T
B SN CERI STV h o 72D VAR S, 10um
TR TERIIEN S K)o/ EZ B 5,
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