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F1 UV=¥77L—a VERWSRE
b=HF 7T —varvirBuwikairE
X WA No BRHEE siEM FHEHNFETHE "=

I AES, MS # 58 = Cr,Fe, ¥n, Ni, Co%
2 M S HERL YA Si, Hn, Fe
3 MS BV ABMAEK | Mg, AL Hn,Fe %
4 AES, MS 2BEHAH Cu,Ti,Fe,V =
5 M S sBEHB Cu, Al, Fe%
6 AES eBER Cr, Mo, ¥n, Ni, Co%
7 AES &RAR Cr,Cu, %
8 B Rk BERERHE 28 AL NI 2 ‘42“/&%
9 AES Bk -£EBEH Fe,Ni = W=
10 AES %8B Ni,Cr, Cu, Fe
11 M S £E - FBEEHE Cr, Mo, ¥n, Ni, Co%
12 AES Bk - &BEBHEB | Cr,Ho, ¥n, Ni, Co%
13 AES &BRH Fe,Ni %
14 M S & B AN Cr,¥o, Un, Ni, Co%
15 M S 20 - 2R Cr, Mo, Hn, Ni, CoZ
16 MIP-AES &RBEH Cr,Al,Fe,Ni, Cu%
17 M S EaREH Cr,Ho, ¥n, Ni, Co®
18 M S & B - BEMEAE | Cr,Ho, ¥n, Ni,CoZ
19 M S 8 61 B Cr, Mo, ¥n, Ni, Co%E
20 M S TR HE Cr, Mo, Mn, Ni, Co%%
21 AES B HH Cr,Al, Fe,Ni, Cu%
22 M S B Cr, Mo, Mn, Ni, CoZE
23 M S €53y R Cr, Mo, Mn, Ni, CoZs
24 MS B&E 7 vk Cr, Mo, ¥n,Ni, Co%
25 M S BFEkr 1% Cr,¥o, ¥n, Ni, Co%
26 M S e RBEN Cr, Yo, ¥n, Ni, CoZ
27 M S mEEBRALD Cr, Ko, ¥n, Ni, Co%
28 M S & 4 Cr.Ho, Hn, Ni, Co%E
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Xk No V=Y ERRTFL-~FHEAH
1 LE—=Vv—H#(0.1~17), ce¥AG{0. 010~ 0.016J), pulseYAG(0.35~0.751)
2 N RAYAG —=FH QA Ay FE—-F (0.257)
3 NE—-V—% . :QAA4 v FE—-F (1J)
4 VE— L —#(D,YAGY — # (0.1]1), XeClx F+ ¥ =2 L — & (70n])
3 WIUVZAYAG v—-HF : QRAA vy FEF—-FRUF®—-F (0.2 ~0.47)
6 NE—-—L—-—%F: QRS »FE—-F (1J)
7 NE—-—bV—HF: QRA v FE—-F {(2J), Fr—F (18J)
8 VWE—-—V—-—F:QRA vy FE—-F
9 NE—-bV—-F: QAL v FE—-F ( J), FE=-F (&K1 J)
10 LE -V —F :  QAA v FE—FI), cvQAA v FYAG L —+ (18%)
11 WE—L—-—%F: QAo vyFE—-F (HEK1JI)
12 LE—Lb—-F Qa4 vy FE2—F (1J)
13 WE—-—L—%F : QA4 v FE-F (1 J)
14 YAGI/—‘b”‘:QZ'f-::‘%—‘E-ﬂF(100mJ~200mJ’)
15 WE—-L—-¥ : QA4 v FE—F ( 0.3~1J)
16 WE~-L—-F%F: QA4 vy FE—F ( 1.2J)
17 YAGL—%:Q%—F (20mI~120n)), P =~ F (20mJ~11)
18 7T -7 BB
19 YAGLV—#: QA4 v FE—F (160n])
20 BEL-—F 4nJ
21 YAGLV—H:QRA v FE—F (100n])
22 YAGL—HF :QAA v FE~F (200n])
23 YAGL—%: QA4 v FF—F (600n])
24 YAGUV—%: QA4 v FE—F (80n])
25 YAGVL—#%: QA4 v FE~—F (250n])
26 YAGI/—-'ﬁ":QZ*f‘y?-'E‘—F(ﬁ'ODmJ)
217 YAGUV~H:QRAA vy F £~ F
28
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3 U—VRE-EVEROBRER
L—H B L OER
1 &t & WMEF2—7
X #ANo Bk -#HE =& & HE B R Z D i

1 —— 100¢m 4 mm ¢ A = —

2 MES4nn, & X 60mm 250cn 4 mm ¢ y4d T5mm

3 - _ —

4 KA 20er® 130¢cm 4 mm ¢ A i g0mn N vy g R
9 S — Tomm

g A Sam, B E 13nm 80cm 4 mm ¢ A = —

7 ME3on. & S 35mm 40cm 4 mm ¢ PVC — Ry R
8 —_— {20cm) — hEE — NA vy F R
9 —_— —_ bomg | FVTFL —

10 A E30nn, & X 50mm 200cm 4 mm ¢ A = 100mm

il PZE40mn, & S 25mm 200cm 4nm¢ 4 20mm

12 M 28an, & X 20mm $0cm 4 mm ¢ = —

13 HEHE 5cn®, 3en® 92cm 6 mm ¢ PVC —

14 —_— 250cm Immg F4=w 75mm

15 M E65am, ¥ = 50mm 150cm 4 mm ¢ PVC —

16 ——— — 7 nm ¢ LEE 100mm hEH
117 E— 150cm 2 mm ¢ PTFE TOmm

18 —_— 200cm 3mmg | I RF 9 F -—

19 PEH30cn® 50cm 6. 4mm A = 50mn

20 —_— — —

21 ANEBmn 140cm 2 mm @ PVC —

22 E— — —

23 —_— 100cm 6 mm ¢ —— —

24 E— — —

25 — - —_

26 —_— — —

27 E— — —

28 - S —
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F 4 TRBEHESS A< RNAMOMESE
ICPMESS |
SCHR No BWHINAREB | 79X HABBR |+ VT HRAKR ICP +¢ 17 —

I 0.8 £ /min

2 14 ¢4 /min 1.04 /oin 0.8 £ /min

3 142 /min 1.02 /min 0.8 £ /min 1.3 k¢
4 16 £ /min 0.4¢ /min 1.0 or 3,02 /min 1.1 k¥
5] 12 £ /min 1.22 /min 1.8 4 /min 1.25k¥
6 0.574 /min 1. 2k¥
1 14 2 /min 1.04 /min 1.12 /min _—
8 0.05~10.24¢ /min E—
9 12 £ /min 0.112 /min 1.1£ /min ‘ 1.25k¥%
10 '

11 142 /min 1.0£ /min 0.7¢2 /min 1. 3k¥
12 16 2 /min 0.22 /min 8.574£ /min 1. 2k¥
13 12 £ /pin 0.82 /min 0.52 /min 1. 25k¥W
14 142 /min 1.02 /min 1.02 /min 1. 3k¥
15 15 ¢ /ain 0.52 /min 0.5~1 £ /min E—
16 0.12 /min —
17 142 /min 0.82 /min 0.62 /min 1. Zx¥
18 172 /ain 0.5¢4 /min 0.6£ /min 1. 1k¥
15 124 /ain 2.02 /min 1.62 /min 1.25k¥
20 _
21 102 /ain 1.2 8 /min 0.82 /min 1. Zk¥
22 _
23 1.2¢ /min A
24 16 £ /min 1.02 /min 1.48 /min 1. 3k¥
235 E—
26 S
27 0.84 /min E—
28 E—
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Selective vaporization in lazer ablation solid sampling for ICP-AES and MASS
NHk# | spectrometry of steels

T. Mochizuki, A. Sakashita
&% | Y. Ishibashi, N.Gunnji HigastsE4 | Anal, Sci., Vol.7, 479, (1991)
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Table 1 Laser operating conditions
Ruby cw Nd:YAG Pulse Nd:YAG
(Cyanine dye cell) (Acoustd optic Q-swilch device) (Pockels cell)
Properties of Low High Moderate High Frec- Q-switching
Q-switch Q-switching Q-switching Q-switching Q-switching tunning
Pulse repetition 0.1 0.1 5000 1000 10 10
rate {Hz)
Maximum energy (J) | 0.1 0.010 0.016 0.75 0.35
Half-width of . 1000* 30 160 110 2000 15
pulses (ns})
Peak power (MW) 0.01 2 0.06 0.15 0.38 23
Ablation time (min) 5 12 2 2 2 3
Number of laser 30 70 6.0x108 12X 108 1200 1800
shots (time)
Maximum amount of 0.14 0.002 22 12 29 0.13

particles {ugs™')

a. Half-width of spikes. Each pulse consists of about 250 spikes.

gap
silicone {about 2 mm) .
i lass filter
rubber seal - %pore 40 pm)

‘[\___...__E
pas in —=— %

(ixl. 4 mm lw_ﬁi_—_.—__:
glass tube)

membrane {ifter
(pore 0.2 pm)

—=pas oul

Fip. | Schematic diagram of a particle collector,
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O .
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Fig. 2 Effect of the peak power of laser pulses on the selective
vaporization of Mn and Ni, The cw YAG laser shorts were
fired at pulse repetition ratesof 3 kHz {4, A)and | kHz(O,®)

5o —Ni &Fe®@BPANRITF U TH B/,
B 2 bF — I TlIMnDBPAYEL /2 ¥DMn,Fe

on the JSS151 standard (a). The pulse YAG laser shots in the 0-‘)-]:[375\7(% (a5, (Mﬂﬁ\ﬁ‘ft Lﬁ@j‘l‘ Yo )
free-running mode were fired on the JSS652 standard (b). The
value on each trace was the content ratio to Fe on the steel
standard.
Ni Ni
5 Mn CujCo V Mo w .5 Mn CujCo V Mo w
. e v , . . e . ,
Cr Fa CrFe
5 (a) (b)
8 ar -
u
-é 101 U\DE
[
a3 o E\ﬂ
§ . \-
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s 2} ~—
= L
ET"_, 0.5
© .\xo
»n 1r ‘fo o
o
\\x“-—.__.__x
0 1 L 1 1 0.0 1 1 1 i
1000 2000 3000 4000 5000 600C 1000 2000 3000 4000 5000- 6000

Boiling point {°C)
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Fig. 3 Sclective vaporization lactors obtained with the cw YAG and pulse YAG lasers
(a) and the ruby laser (b) as the function of boiling points. Laser: pulse YAG with (®) and
without (O) Q-switching, Q-switched ew YAG (X), and ruby with lowest () and highest
(H) Q-switching, The lasers were operated at the maximum ouiput (see Table I), except
for the cw YAG laser. The cw YAG laser was operated at the peak power of 100 kW,
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BHEES 2

Analysis of black inclusions of fused silica by ICP-MASS spectrometiry using
Nk laser ablation techrique

T. Mochizuki, A. Sakashita
EEL Y, Ishibashi, N.Gunnji HigusEsE | Anal. Sci., Vol.7, 763, (1991)
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Table |
sampling system

Operating conditions for the laser ablation solid

Laser operating conditions:

Wavelengith/pm 1.06
Q-switch device Pockels cell
Output energy/J 0.25
Pulse duration/ns 15

Peak power/ MW 17

Pulse repetition rate/Hz 10

Focal length of objective lens/mm 75
Ablation chamber:

Internal diameter/ mm 54
Height/mm 60
Transporting tube (Tygon tubing):

Internal diameter/mm 4
Length/m about 2.5

Table 2 Operating conditions [or the ICP-MS instrument

ICP plasma conditions:
Plasma power/kW
Rellected power/W
Plasma pas

Gas flow rate/1 min-!

[nterface conditions:

Distance from load coil 1o
aperture/mm

Muatcrial of cones

Aperture diamcler/mm

1.3

<10

argon

14.0 (coolant)
1.0 (auxiliary)
0.8 (carricr)

12

nickel
1.0 (sampling cone)
0.7 {skimmecr cone)

Mass spectrometer operating conditions:

Yacuum stage 1/kPa

Vacuum stage 2/kPa

Vacuum stage 3/kPa

Lens tuning

Data acquisition:

Mass range (skipped mass)/
dalton

Dwell time/ms channci-t

Number of channels/channels

Number of sweeps/times

Total integrating time/s

0.2

<[X10-s

X107

#5i* during ablation of siliea

24 -239 (28, 3045 and 80)

0.16
2048

100
about 35
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Fig. | ‘Time-resolved signals of 2#Mg, 2°Si and *¢Fe obtained
by ablating white [used silica for { min.  Curves (a) and {b)
‘were oblained by analyzing the silica both before and after
cleaning the sample surface.  Curves (¢) were obtlained after
| min of preablation.

7 (@ | 77 (b)
53]
e
w
©
o
= 5 5r
< ¢
©
2 !
o
[%) .3 3 =
1 1
5000 6000 7000 5000 6000 7000
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Fig. 3 Effects of the plasma temperature and electron density
on the yields of singly charged ions. Electron density:
1.5X10% cm™? (a) and 0.75X10%cm3 (b). lon: Al (O),
Ti (@), Mn (O) and Fe (&).



PNC PN8420 93-014

1000

a5 a0

Response(area count}, k counts/s
e . .3
2
IR S
r———

5 a0 kL] Rl

25 20 a5 40 45 50 55 &0
mfz

Fig. 2 Mass spectra of Tused silica.  Spectrum (b) and (n)
were oblained by analyzing fused silica both with and without
black inclusions, respectively.  The subtracted spectrum

| (c) was oblained according to Eq. (2). Skipped mass: 28,
R 30-45.

B(c) HE) MoK @ZEZELEWcbDTRNSENTVE I LGN 5,

Table 3 Analytical results for fused silica with no inclusians
obtained by faskr ablation/ICP-MS and solution lechnigues

Isotope Rt Laser® Reference*
(Abundance, %) b (hgg™" (hgeg")
7 AL(100) i.84 12019 95
*Ti(73.4) 2.58 12+12 20
*Mn(100) 2.37 2.1£0.5 0.7
¥FEe(91.52) 2.34 3516 15

d. Elemental sensitivily ratio to Si.
b. Averages for four determinations are given.
c. Dclermined by ICP-ALES.
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BHEES 3

Direct analysis of silicon nifride powders by ICP-MASS spectrometry with a
g laser ablation technique

T. Mochizuki, N. Gunnji
EEL A Sakashita, H. Iwata HiiaEEZ | Anal. Sci., Vol.7, 151, (1991)
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Table 1

Operating conditions for [CP-MS instrument

Plasma power
Reflecied power
Coolant argon gas
Auxiliary argon.gas
Carricr argon gas
lon extracted position
Pressure in spectrometer
Yacuum stage |
Yacuum stage 2
Vacuum stage 3
Mass range
Number of channels
Number of scans
Dwell time/channel
Measuring time

Elfective integrating time

Detection system

1.3kW

<IQ W

14.0 [ min™!

1.0l min™

0.8 | min™

10 mm from the load coil

0.25 kPa

<2x[07* kPa
2.0X10"7kPa

24 10 64 Daltons
1024

800

80 ps

about 1 min

about 2 s isotape™
pulse counting mode

Measured isotopes (abundance, %)

1M p(78.60)
4T (73.45)

P AK100)
35Mn(100)

¥5i(4.71y
$Fe(91.52)

a, S was used as internal standard.

V=77 U—2 g VRIDRHETIC Ay
775 RHVEW,

v

Table 2 Sensitivities obtained by analyzing the CSJ-R005 Table 3  Background equivalent concentrations {BEC) ob-
standard silicon nitride tained by laser ablation and solution introduction methods

Isotope  Integrated peak Sensitivity, . BEC/ug g?
. (T LI -1 - lement

content,.% arca, 10" counts  (counts s™')/{ugg™) Laser ablation Solution method*
Mg  0.0032 14.8 232
Al 0.184 867 235 rf 220 3.36
Si 278 5670 102 Ti 0.12 0.56
Ti  0.0060 20.5 171 Mn 12 2.6
Mn  0.0071 30.8 218 Fe 23 120
Fe 0.110 397 181 -

a, Assuming a thousand-fold dilution made to give a sofids

concentration of 0.1 (m/v).
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Table 4 Analytical results of standard silicon nitrides by laser ablation/1CP-M$

Found,%
Element Sample Certificd %
With internat standard®
My CSJ-R0O03 (<<0.0001 - 0.0003) 0.00013£0.00002 0.06600710.00001
RO04 0.0026%0.0002 0.0033 %0.0007 0.0024 *0.0001
ROUS* 0.0040£0.0002
ESPI-K469¢D <0.0007 0.0001610.00004 0.000102:0.00002
Al CSJ-R003 (<0.0001 - 0.0006) 0.0020 £0.0003 0.0010 #0.0001
RO04 0.035 +0.002 045 =£0.0) 0.034 £0.002
RO05¢ 0.184 +0.004
ESPI- K469%D <0.0020 0.014 £0.002 0.008 =£0.00!
Ti CSJ-R003 (<0.0001 - 0.0001) <<0.0004 <0.0001
R004 (<C0.0005 - 0.0006) 0.0008 $0.0002 0.0006 =0.0001
ROOS5¢ (0.0081)
ESPI-K4699D <0.0080 <Z0.0003 <0.0003
M CSJ-R003 {<0.0001 - 0.0001) <{0.0003 0.00016x0.00003
RO04 (0.0002 - 0,0004) 0.0008 £0.0002 0.0004 £0.0001
RO0S¢ (0.0071}
ESPI-K4699D - <0.0003 <0.000)
Fe CSJ-R0O03 0.00420.0004 <p.02 <0.01
R004 0.028 4£0.001 0.19  x0.05 0.11 +0.03
ROOS* 0.130 +0.002
ESPI-K4699 D 0.0030

a. Yalues in purentheses are range or average of individual determinations, b,
c. Samples were used for catibration.

81 was used as internal standard.
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EEES4

High repetition rate laser ablation for analysis in an ICP with acoustic wave
Xk normalization

Homing Pang, R. S. Houk
F#2Z | DR Wiederin, B.S Yeung | HiBi##zE4 | Anal. Chem., Vol. 63, 390 (1991)
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Flgure 1. Schematlc dlagram of laser ICP systems.

= FWHM=0.5 §

emlssion Intenslty
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Flgure 2. Transient signal response of Cu [ emission (324.75 nm) after
ablation of a NIST cast steel sample (C1150a) by a singie taser pulse,
The laser was fired at time zero. .

LI
14

Table &. Apparatus and Qperating Conditions

monochromater (15)

ICP generator

torch

AR flow rate
outer
auxiliary
aerosol carrier

cbservation height

detector

spectrometer

Ar flow rate
outer
auxiliary
aerosol carrier
sampling position
measurement

ICP-AES
McPherson M20561, 1-m focal length,
holographic grating, 3600 grooves/mm,
entrance slit width = 20 um
Plasma-Therm HFS 50000, 27.12 MHz,
1100 W forward power
Fassel type (16)

16 L/min

0.4 L/min

(A} 1.0 L/min for photodiode array
detection

(B) 3.0 L/min for PMT detection with
acoustic normalization

BER3IBBEL{NTWEDIREL+
Fao—TDOEE (90ci) OB T
H5Ho

20 and 15 mm above load coil for emission

spectroscopy and mass spectrometry,
respectively

{A) Princeton Applied Research, Model
1453 photodiode array, 1024 elements,
unintensified, cooled to 15 °C; Model
1461 detector interface linked to DEC
11/34 computer; this covers
approximately a 5.3-nm wavelength
region; total signal accumulation time
for each measurement, 3 s

(B) ENY-Gencom PMT RFI/B-289];

Keithley 485 autoranging picoammeter

ICP-MS
Perkin-Elmer Sciex Elan-500, 1250-W
forward power

12 L/min

0.2 L/min

1.5 L/min

20 mm above lead coil

scanning mode; 0.1-s measurement time,

10

measurement/mass unit over m/z 4-240

range

peak hopping mode; 0.2-s measurement
time, 20-ms dwell time for m/z 58, GO,
61, 62
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(a) qA

4 1x10%em?

relatlve response

acousie signal

(b}

emilsslon signal

7 tx10%Wicm?

[o] 20

a0

ICP-AES
Acousiic signal

Flgure 6. (a) Power dependence of Cu ernission (324.75 nm) and
acoustic signal oblalned with the use of a 100-Hz repetition rate laser
at power densities from 1 X 10%to 1 X 10% W/em? with increments
of 1.6 X 10" W/em? per run. (b) Acoustic signal versus emission
intensity plot with 3-s signai averaging at different laser power densities.
The sample is the same as in Figure 5 except with a rotation spead

of 1 rpm.

BEESERGEEIRE XKL TV A,
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RIEESS

X#Ek% | Relative elemental responses for laser ablation-ICP-MASS spectrometry

EEL James W, Hager HIBUHESES | Anal. Chem., Vol. 61, 1243 (1989)
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Table I. Relative Elemental Responses for Standard Steels
R(E)/R(Ti)
fit to eq 13 fit to eg 13
observed (T = 26000 K) observed (T = 9000 K)
element IP, eV L, eV Q-switched Q-switched free running free running
Mg 7.64 1.52 2.35 2.1 32.10 37.20
Ti 6.82 4.87 1.00 1.00 100 1.00
\Y 6.74 5.33 0.96 0.81 0.50 0.57
Cr 6.76 4,13 1.20 1.05 1.80 2.05
Mn 7.45 2.94 0.75 0.71 3.42 3.72
Co 7.86 4.44 0.25 0.37 0.50 0.56
Cu 1.92 3.50 0.82 0.55 1.47 1.80
Zn 9.39 1.35 0.12 0.29 4,29 5.89
As 9.81 3.14 0.06 0.07 0.21 0.30
Zr 6.84 6.31 0.84 0.78 0.20 0.24
Nb 6.88 7.48 0.45 0.47 0.10 0.06
Mo 7.10 6.82 0.32 0.51 0.08 0.18
Ag 17.57 2.95 0.67 0.70 3.10 3.72
Sn 7.34 3.13 0.90 0.99 3.90 4.48
Shb 8.64 2,74 0.72 0.63 4,15 3.94
Ce 5.60 4.38 5.30 5.60 10.40 4,41
Ta 7.88 8.10 0.10 0.14 0.007 0.009
W 7.98 8381 0.10 0.10 0.005 0.003
Au 9.22 3.82 0.16 0.29 0.58 0.73
Pb 7.42 2.03 1.92 2.13 20.40 24.07
Bi 7.29 2.17 2,10 2.01 18.52 20.35
Teable II. Relative Elemental Responses for Standard
Coppers
R(E)/R{Ag)
fit to eq 13 fit to eq 13
observed (7 =9000 K) observed (T = 3750K)
element Q-switched @Q-switched free running free running
Cr 0.47 0.55 0.05 0.03
Mn 0.94 1.00 0.56 0.45
Co 0,17 0.15 0.006 0.003
Fe 0.22 0.18 0.009 0,003
Ni 0.25 0.14 0.008 0.003
Zn 1.61 1.58 14.6 16.4
As 0.08 0.08 0.04 0.03
Ag 1.00 1.00 1.00 1.00
Sn 1.24 1.02 0.27 0.39
Sh 1.20 1.06 0.99 0.73
Au 0.15 0.20 0.03 0.02
Ph 4.95 6.47 18.4 17.3
Bi 5.12 5.47 10.2 11.3
Table IT1I. Relative Elemental Responses for Standard Aluminum
R(E)/R(Ti}
fitto eg 13 fit to eq 13
observed {T= 16500 K) observed (T = 5900 K)
element Q-switched Q-switched free running free running
Mg 9.45 11.36 412,20 352.00
Ti 1.00 1.00 1.00 1.00
A 0.82 0.71 0.46 0.39
Cr 1.26 1.28 3.17 3.26
Mn 0.85 1.18 1170 13.32
Fe 0.61 0.45 1.13 0.83
Ni 0.56 0.40 0.71 0.66
Cu 0.82 0.79 3.87 4.36
Zn 0.56 0.73 58.40 64.30
Sn 1.43 1.56 16.30 14.16
Pb 412 4.49 196.00 162.30
Bi 3.84 4.09 163.00 12540
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Tube lergth/m

Effect of transporting tube length on Ni
cmission intensity of steel standard NBS
1291 (MNi: 1.999)

cP poOwWer .
Carrier fow rate : 0.5 1 min-t (A),

17 mm;

1.1kW: Observation height:

1.0 I min-? (O)

Table |

ICF operating conditions

Power/kW

Ar flow rate/] min-1

QObservation height
Analysis line/nm

1.2

16.0 (coolant)

0.80 (plasma)

0.57 (carrier)

13 mm above the load coil

Si I 283.1% Mn II 257.61 P 1 178.29

S I 180.73 Al 1 396.15 Ni 11 231.80

Cr II 267.72 Cu I 324.75 Mo J1 202.03

VvV IT 202.40 Ti II 334.94 Co II 228.62

Nb 11 309.42 B I 182.84 As 1 193.76

Sn II 189.98° C I 165.70 Fe II 250.94
Table 2 Comparison of precision for intensity and

intensity ratio relative to Fe intensity
Element Conﬂ}ent, R.5.D. %
° Intensity Intensity ratio

i 0.50 1.94 2,44

Mn 0.11 5.32 4.46

P 0.0010 8.52 6.96

5 0.056 5.30 5.12

Al 0.043 3.37 2.44

Ni 0.46 4.21 1.35

Cr 0.35 4.45 1.97

Cu 0.044 4.52 2.81

R.5.D. (relative standard deviation) is based' on ten
replicate analyses.

Table 3 Accuracies obtained by laser/ICP and spark emission spectrometry®)

Laser/ICP

Element Sample Range of Line-overlap Sparke)
number content, % element Intensity Ratioh {wavelength/nm)
Si 9 0.60 ~-0.029 0.0317 0.0050 0.0090 (212.41)
Mn ] 1.5 ~0.11 0.039 0.029 0.023 (293.31}
P 9 0.062 ~0.0010 Mo 0.00318 0.0014 0.0009 (178.29)
] g 0.036 ~0.0036 Mn, Ni 0.0068 0.0058 0.0062 (180.73)
Al 14 0.054 ~0.015 Mo 0.0031 0.0031 0.0033 (396.15)
Ni 13 4.10 ~0.013 Mn 0.0560 0.0047 0.0147 (227.73)
Cr 13 3.08 ~0.012 Mn 0.0120 0.0059 0.0134 (298.92)
Cu, 9 0.39 ~0.044 0.0075 0.0034 0.0138 (327.3%)
Mo 13 1.25 ~0.011 0.0091 0.0077 0.0031 (202.03)
v 13 0.40 ~0.010 Cr 0.0057 0.0050 0.0034 (311.07)
Ti 7 0.32 ~0.013 0.00358 0.0056 0.0012 (337.28)
Co 7 0.056 ~0.010 Ni 0.0014 0.0008 -
Nb 7 0.21 ~0.011 v 0.0030 0.0033 0.0018 (319.49)
B 7 0.0116~0.0009 ] 0.0002 0.0002 0.0003 (182.64)
As 7 0.13 ~0.005 Al Cr, V, Nb  0.002 0.0018 0.0012 (197.26)
Sn 7 0.12 ~0.005 0.0010 0.0012 0.0005 (189.99)
C 9 0.49 ~0.043 0.14 0.14 0.0075 (193.09)

a) accuracy calculated as standard deviation obtained for a series of differences between certiied values and
results for laser/ICP or spark emission spectrometry; b) intensity for each element relative to emission intensity

of Fe 1 259.44 nm;

¢) intensity for each element relative to emission intensity of Fe I1271.44 nm
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Fig. 2

Fig. 3
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Intensity ratio {au.)
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€
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b
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Carrier flow rate/l min~!

Effect of Ar carrier fow rate on Ni emis-
sion intensity of steel standard NBS 1291
(Ni: 1.999)

ICP power : 1.1kW; Observation height:
17mm; Transporting tube : 80 cm. The nu-
merals at each point indicate the . relative
standard deviation of Ni response relative to
Fe response.

\\D:\_\;:
1€

0 .
13 23

0O

Integral count, ¥ 10%

/

Observation height/mm

Effects of observation height and ICP
power on Ni emission intensity of steel
standard NBS 1291 (Ni: 1.992)

ICP power :1.0kW (O), 1.4kW ((7), 1.8
kW (A); Transporting tube : 80cm; Carder
flow rate : 0.6 1 min—1

Table 4 Relative standard deviation (R.S.D., 25)
obtained by laser/ICP and spark emis-
sion spectrometrys)

Element Cerr.iﬁe:i Laset:/I__HCP Spark®
valug, % Intensity Ratio
JSS 150, JSS 151, JSS 154 2nd JSS 1550
Si 0.20 6.65 7.19 0.69
0.51 2.32 2.55 0.39
Mn 0.23 6.71 3.69 0.46
1.15 4.88 3.14 0.54
P 0.0045 28.1 26.2 6.89
0.031 6.55 6.17 1.93
s 0.0052 50.5 60.2 8.24
0.022 38.9 35.8 3.59
Cu 0.091 5.24 3.89 0.62
0.20 3.93 3.26 0.65
JSS 168-]J55 17w
Ni 0.038 8.66 3.51 0.90
0.070 2.81 1.10 0.64
Cr 0.037 2.11 1.50 5.82
0.067 4.35 2.1 4.53
Mo 0.038 6.95 2.69 0.79
0.067 5.61 3.87 1.12
Ti 0.038 5.92 5.17 0.59
0.065 9.34 8.02 0.82
As 0.010 31.3 19.2 9.25
0.028 7.24 7.41 2.16
Sn 0.011 19.5 13.9 2.41
0.032 5,94 4.67 0,81
JSS 172-]JSS 175b
Al 0.024 16.2 16.4 17.6
0.032 6.76 3.4 2.39
v 0.035 3.87 2.31 1.07
0.062 5.31 1.73 1.08
Co 0.020 6.82 3.76 -
0.030 4.94 2.84 -—
Nb 0.021 2.4 8.98 12.9
0.032 7.22 7.10 11.4
B 0.0031 9.67 7.27 0.97
0.0052 7.40 4.76 2.59

Fig. 4

—

2 30 1 2 3

Cr content, %

Calibration curves for Cr in standard steel
samples obtained by laser/ICP 2nd spark
emission spectrometry

A :laser/ICP (267.72nm); B : spark (267.72
nm); C:sperk (298.92 nm). Vertical axes
show instrumental response for Cr relative to
Fe response.

a) R.8.D. is based on eight replicate analyses, 1)
Four standards were analysed and the highest and
the lowest concentration samples of them were used
to correct intensities (or ratios) for instrumental drift.
¢) Emission intensity ratios were measured at the
same wavelength shown in Table 3 except for Niand
Cr. More sensitive lines of Ni 231.60nm and Cr
267.72 nm were used because of low content in Ni

and Cr.
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BEES T

Inductively coupled plasma emission spectrometory of solid samples by laser

Xik% | ablation

‘ Spectrochemica Acta
&% | T Ishizuka, Y. Uwamino I EMEEES | Vol. 38B, No. 3, 519 (1933)

HE

BRI OEHEMTOID. QAL v F ./ / —< @D L —H & [CP-ABS AL bl
EEDORREEZEHEL 7.

FRBTE, VE—V—¥EBOTT 2 — 7EIRT L —FOESEROELEZ B~

. — 7R E-7%B5.0id, B LENS LR EV. Ll BEPNSCL
?’% 5 ESTAL L -E RN LB BT 5 Radid 5,

s F o —TEIEENITEBRERTRE. QAM v FE—FTRRF1—THREL KB EY—7
HEEPRDT I, J—<Ee— FTRIBIF—ETH -7
oT. QAA vy FE—FTCIEBEENLEICP F—FA2TEARDITSIT A I EHUAE,

s V=Y OEREHIIS(ERICHELESZ A0, ARy FPOAZX%0.5 ~8m & {LX 7,
Qz’f Wi 7‘"&“ }“‘—G:t"i\ X;f-: v !‘Q)j(g é GCﬁiﬁa(’?“f& L}b\——ﬁri) 9711-0 (@ 2 3 %Ha)

J =2 E— FTlk. KEIEBHSH D, —HBHIAS ST C PIciBE S h 3705,
PE>T /=< NE—FTRV—FOESIESLEMHICHEENT A ENNETH S,

« GIFEE (CVE) BQRA v FT3~10%, /J—<NT3~11%TH-1z
+Cr, CuBOmRIKO2WTRSHITOLWEERE CERT S I ENTET,

BRI —e L E— KD, QRS v FE— FEDEWEETR LI
(J —=E— Pt DRIELIcERRZ WD)

s BROGITETR. BENATOTHY . EEANERET 57c0HI0id, PIMEEERE i,
V=N OEIEET O BNERD 5,

e
b—% JE—b—% WHhH 2J (QRA»F), 18 (/—<i) [BEIEREG R

SEIAF X 14 8/min F+UTHR 11 2/nin FIXITHZR 1 £ /min
ICP/¥7 — MeES _Smn WEF2—74me PVC) £FX4 0cn
BEHL ZA7FUUAB, BEHIA Ve 7ZAAS5R, AE 13m S 35m

B U VREEREEN DB ONTT B2, 400mesh @Y 3 v H—s3A RTHEL -,
D%, BEXERCZF VTN - TEE L. 2R THREI ST,




PNC PN8420 93-014

Table 1. lnstrumenlation

Laser system JEOL JLR-02A ruby laser: max. laser
energy, about 3 J (Q-switched mode) and
30 J (normal mode).

ICP system Nippon Jarrell-Ash ICP-1000S RF gener-
ator: freguency, 27 MHz; max. power
output, 2 kW. ICP torch: all guartz.
Spectrometer: Czerny-Turner l-m mount-
ing; 2400 lines/mm grating blazed at
240 nm; reciprocal dispersion, 0.4 nm:
detector, HTV R-45%56.

Laser ablation cell Stainless steel wall and Pyrex glass
window; see Fig. 1.

Measuring system Amplifier, Keithley 427 current ampli-
fier; VW/F converter, Teledyne-Philbrick
4709; multichannel analyzer, Cambera
3100; ;ecotder, Hewlett Packard 7040A
X-Y recorder.

Laser power measurement Scientech 38-0101 laser power meter.

ICPES of solid samples by laser ablation

-

-
€.'0 ~»| Monochromator

Y

- -
e

ICP terch

PMT] Ruby laser --&rism

M

r.-"\ -gr
qLens {t=50mm) Current amplitier

Laser be“""*-\l‘ " T\ \L
L : Glass window d
! YIF converter
(. E .
W ’
I -
Ar carrier _— (1 —
gas. < :.j PYC tubing
v (i.d.=4mm) Molti
Laser plume—13 1l | |«5Stainiess steel wall Y 1c;hunnel
11 {i.d.=13mm, h=35mm} analyzer

Sample I J,

Laser vaporization cell
Trigger pulse X-Y recorder

Fig. 1. Schematic diagram of [aser-ICP system.
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ICPES of solid samples by laser ablation
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Laser spol size, mm

Fig. 2. Effect of laser focusing on the emission intensity of Mn (0.259%) in steel obtained by the Q-
switched laser: (a) signal intensity; (b) corrected intensity divided by laser-ablated sample amount,
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Fig. 3. Effect of laser locusing on the emission intensity of Mn (0.25%) in stee] obtained by the

normal laser: (a) signal intensity; (b) corrected intensity divided by laser-ablated sample amount.
Vertical lines on each plot represent the standard deviations of the values obtained at five points.
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Fig. 4. Profiles of emission signals for Mn {0.27%,) in sieel obtained by varying the length of PVC
tubing: (a) 40 cmy; (b) 70 cm; {c) 100 cm; (d) 200 cm. The laser was vsed in the Q-switched mode.
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Fig. 5. Effect of length of PYC tubing on the emission intensity of Mn (0.27 %) in steel (a) peak height
and (b) peak area were obtained by the Q-switched laser; {c) peak height and (d} peak area were

obtained by the normal laser,
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Fig. 6. Analytical curves for Crand Cu in steel: (2) Cr and (b) Cu were obtained by the Q-switched

laser; {c) Cr and (d) Cu were obtained by the normal laser.

Table 2. Operating conditions

Lagser

Laser energy

Laser shot interval
ICP

Plasma gas

RF power

Observation height

Carrier gas flow rate

Coolant gas flow rate

Plasma gas flow rate
Spectrometer

Slit width

slit height

Analytical line

Q-switched mode, about 2 J; normal
mode, about 18 J.

60 s.

Argon.
1.2 kW.

15 mm above the load eoil.
¥.1 1/min.

14 1/min.

1 1/min.

Entrance slit, 25 pm; exit slit, 50
R,

3 mm.

A}, I 3596.152 nm; Co, II 228.616 nm;
cr, II 267.716 nm; Cu, I 324.754 nm;
Fe, II 239.562 nm; Mg, IL 279.553 nm;
#n, II 257.610 nm; Mo, 1X 28%.615 nm;
‘Ni, II 23).604 nm; Sn, II 169.98% nm:
v, i1 310.230¢ nm; Zn, 1 213.856 nm.
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Table 3. Precision data for various elements obtained by the Q-switched and
normal lasers. Precision (R.S.D.) was evaluated from the data obtained at six
points on a sample.

R.5.D. (%)
Sample Element f{concn.) Q-switched laser Normal laser
Steel Al (0.021%) 2.6 1.6
Co [0.15%) 10 2.1
cr (0.68%) 6.8 3.8
cu (0.09B%} 5.7 8.6
Hn (0.25%) k) 4.6
Hi (0.32%) 2.5 1.3
v (0.31%} 8.3 1l
Brass sn (0.43%} 3.2 4.7
A} alley Mg [0.95%} 6.1 7.9
Zn (0.035%) 8.6 4.2
Ti-base alloy Mo (1.11%) 6.6 9.9

Table 4. Detection limits for various elements in steel obtained by the Q-

switched apd normal lasers

Q-switched laser

Normal laser

Analytical lipe Concna. Weight Conen. Weight
Element (nm} (ppm) (pg) {ppm} (pg)
Al I 396.152 ?0 20 2 60
Co II 228.616 8 8 G.6 29
er 1T 267.7%6 10 10 1 .30
Cu I 324.754 9 g 0.3 g
Mn II 257.610 3 3 0.3 g
Mo II 281.615 20 20 2 &0
Ni IT 23).604 20 20 1 30
v I1 310.239 20 20 1 30

QAA v FE— FORTE
BE3~10%/ —<E~F
DOIREE 3 ~11%E— F
IR BRERE W,

J—=<IE-—FQRA v T
D BEAHBA NI,
BHEIZQAA v FTHEL
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DEITET 2ENZ W E
EZohBicH,
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BHEESS

X% | Simultaneous determination of traces in solid samples with Iaser-AAS

' Spectrochemica Acta
EFE%Z |RWennrich, K Dittrich | HiBRHM3EE | Vol. 37B, No. 10, 913 (1982)
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Table 1. Experimental conditions

Sources Hollow Cathode Lamps
Element Analytical Line Lamp Current Manufacturer
(nm}) (mA) .
Ag 328.1 5 Jarrell-Ash
Al 309.3 10 VEB NARVA
Mn 279.5 5 VEB NARVA
Ni 232.0 10 VEB NARVA
Pb 2833 10 VEB NARVA
Monochromators mirror menochromator SPM 2 with quartz prism,

VEB Carl-Zeiss Jena, GDR
slit: 0.1 X2 mm
Photomultipliers MI12 FVC 51, VEB WF Berlin, GDR

PM — supply 4213, VEB Statron Fiirstenwalde, GDR
voltage: 1.0—-14kV
Lock-in-amplifier -home-made
Registration recorders: G1B1, VEB Carl-Zeiss Jena
DVM: 4014a, VEB Funkwerk Erfurt, GDR
Ruby Laser LMA -1 with Q-switch, VEB Carl-Zeiss Jena

flashlamp: V=2.0kV; C=3508 uF: L= 127 H
Q-switch: sector 3
lenses: reflecting objective 40x/0.5
Alomizer 1268, Beckman Instruments, modified
1-step; 10s 1.0V
2-step: [0s 8.0V
3-step: 9s 80V
laser pulse in 3rd step in the 1st second
Ar flow rate 0.8—4.0mis™

LMa
power

—1r
HVY supply |luck-|nA DVHM A I‘L{recnrderl
HVsupply .

] supply ‘ l_] LDVM Bl-l-lrecorder]
b2
. 4
menochro- a graphile lube
malor A b beom splitters
— oA 1 ¢ somple chamber
1= 2 Il lenses
b L
Lvad / 0 x chopper
a
. — || L [graphete
: tube
] , h\o power
|3'<E., L supply
Ar E ]HCL powerl AT

HZO

Fig. 1. Block diagram of laser atomic absorption spectrometer

aerosol transpert sysiem

furnace
chamber d
a sihica lube 1260 mm
b pelypropylene tube 170 mm
c silice tube 1 =60 mm
d graphite inlet tube 1=t0 mm
e sample

Fig. 2. Aerosol transport system
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Table 2. Analytical results

Element Matrix Evaporated Reciprocal sensitivity g —92
sample (Absorbance = 0.01)
(ug) (ppm) (pg)
Ag* — — 2.1
Mn* 0.01 M HNO; — — 8.4
Pb* _ — 36.4
Ag polyamidet n.m. 44 —
Mn 4.1 —
Ag thiourea+ n.m. 7.3 —_
Mn n.m. 2.1 —_
Ag Cekachromt ca. 3.7 33 12
Mn 2.3 8.5
Ag Cekachromt ca. 3.7 4.4 16
Pb 22 83
Ag Cu metal cn. 0.4 36 14
Mn 12 4.6
A Cu metal ca. 0.4 46 18
Pb 110 44

*Conventional flameless AAS

Skl ld s
L—FDKRES
il &ick
> THH L.

Fig. 6. SEM records of 1
Cekachrom (Ceka), C powder and AkQ; (enlargements 250 to 1900)

Table 3. Analytical results of the determination of Ni and Al in_brass and in
R . ES iG] LS
nitric acid solutions
| kot

Element Ar flow rate Evaporated Reciprocal sensitivity
[ml s~ sample {absorbance = 0.01)
(e8] [ppm] [pel
NiCRARGEEDEEITIZ
Al - 0.8 1000 300
17 1200 260 &AL T AL TIEE
2.5 ca. 0.3 1400 420
33 2100 630 5N H AR LT
Ni 0.3 1000 300
i.7 800 240 WE I EDbhB,
25 800 240
33 200 270
Af* 105
Ni* 250

*Conventional flameless AAS
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83
Qreon
1001 R
Al Polyamid-
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[ 1‘
1 \
50 )‘ ! /\ e
\/\k\/\K ; x‘“"""\x/““"“\
—Ag:0bs =D0199 = 0094
ofed = 209 % 8.2
--Mn:abs =0168 * 0035
abs area = 430 %188

pit number

Fig. 3. Absorbance and peak area values for 20 laser pulses on a pellet of polyamide powdcr
. . {Mn: 97 ppm, Ag: 74 ppm}

Determination of traces in solid samples

liguid dosage

ton exchange resin..

100 ppm Pb:
abs = 0018 20007
abs
50ppm Ag:
0.2

abs =0.084 £0045

x

A\
/x/"

)
- ePD

pit number

Fig. 4. Variation of absorbance for Pb (i00 ppm) and Ag (50 ppm) for laser pulses on a pellet
of ion exchange resin
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metal target
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BEES9

Calibration studies in laser ablation microprobe-inductively coupled plasma
Nk atomic emission spectrometry

M. Thompson, S. Chenery Journal of analitical atomic spectoro-
HEEL L. Brett HiHEHERE metory Feb. 1989, Vol. 4
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Table 1, Laser operating conditions

Laser—
Instrument .. .. .. CarlZeissJenaLMA10, rubyrod
emitting at 694 nm
Maximum outputenergy 1]
Range of flash-tube power  450-1200 W

Q-switching .. .. .. Passivecyanine dyein6stages
Number of spikes of laser

energy-—

No Q-switching .. .. 250

Maximum Q-switching .. 5
Total irradiance time—

NoQ-switching .. .. 500x10-%s

Moderate Q-switching .. 50X 10-%s

Maximum Q-switching .. 5x 10-6s

Microscope (binocular type)—
Objective powers .. .. 16X and40x
Eyepiecepowers .. .. 12.5%

Table 2, ICP-AES instrument and operating conditions

ICP-AESinstrument .. .. Applied Research Laboratories,
ARL34000C, 1-m vacuum
spectrometer with PDP11/04

computer
Forwardpower .. .. .. 1.25kWat27MHz
Viewingheight .. .. .. 4.0-mmsquare window centred
14 mm above the load coil

Torch .. .. .. .. .. Fasseltype
Gas flow-rates .

Coolant .. .. .. .. 12.0imin-!
Auxiliary .. .. .. .. 0.1lmin™!
Injector .. . 1.11min"?

Pre-flush and integratio;-x .times isand1 X 5sforlaser ablation
20sand 1 X 55 for nebulisation

ICP A —=| Emission || Control [, | Micro-
A torch spectrometer C%’ngger computer
r
plasma gas—»—j
Ar ==t Injector
auxiliary gas
vs: b
flow Bypass i Ar
mixer carrier gas
Laser Ar
ablation
chamber [ flush gas
Ar ; 4
carrier Met;n?ard #
gas nebuliser
Ruby
laser
Agueous
input

Fig. 1. Block diagram showing the mixed gas flow system used for
LAMP - ICP-AES

«—— FTHITVERKILERILN
TIPS THS,
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Fig. 3. Lack of significant change in the sensitivity of Ni with Fig. 2. The change in relative sensitivity of Mn with aqueous
aqueous nebulisation and various Q-switching regimes. A, Q0; B, Q4; nebulisation and various Q-switching regimes, A, QU: B. Q4; C. Q6;
C, Q6 and D, liguid and D, liquid
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Fig. 4. Idealised response of an ICP atomic emission spectrometes

channel to the introduction of equivalent amounts of test material by
A, aqueous nebulisation and B, laser ablation
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Fig. 5. Change in Cr response with increasing amounts of stainless

steel introduced into the ICP (as shown by the Fe response) for A,
agueous nehulised material and B, laser abated material

70 .

I
N

-
L=
T

-14 }

Cr residuals'mV
[ J
L)
3
f
E]
1
|
|
i
[
+
|

|
FS
N
T

=70

0 1o 220 330 440 550
Fe response/my

Fig. 6. Residuals from a regression of Cr response versus Fe
respornse for a stainless steel showing the small curvature for aqueous
nebulised material and a larger random distribution for laser ablated
maxeriat



PNC PN8420 93-014

9—14
Table 3. Data for lines used in the comparison between relaiive
element sensitivities using aqueous nebulisation and laser ablation
Element Wavelengthinom  Atomvion Order
Al .. o0 L 308.22 I 2
As .. .. L. 193.76 I 3
B .. .. .. 245.68 I 2
Be .. .. .. 313.04 I 2
Ca .. .. .. 317.93 11 2
Cr .. .. .. 267.72 I 3
Ca .. .. .. 324.75 I 2
Fe .. .. .. 259.94 I 2
K .. .. . 766.49 ! 1
Mg .. .. .. 279.08 I 2
Mn.. .. .. 257.61 1T 2
Mo .. .. .. 281.62 I 2
Na .. .. .. 588.99 1 1
NioLLoo L, 231.6 I Z
Sio.. .. 288.16 I 2
Te .. .. .. 214.28 I 3
Zn .. .. .. 202.55 I p
EL husa by
Table 4. Line wavelenpths used in the comparison of relative ﬁgg%jﬁﬁ@&ﬁ
responses 10 various amounts of a single element introduced by
aqueous nebulisation and laser ablation
Line Linetype Wavelength/nm Line Linetype Wavelength/nm
Fe .. Atom 259.54 Al Atom 308.22
Fel .. lon 220.84 All Ion 281.62
Fell Ion 226.56 Alll  Ion 193.69
Felll Atom 249.53
FelV  Atom 228.62
FeV Ton 239.71
Table 6. Comparison of the relative sensitivities of five minor
clements in low-alloy steels by nebulisation of agueous solutions and
by laser ablation under various Q-switching regimes
Mode of injection Sensitivity
nebuliser (NEB) Standard  relative to
Element orlaser Q-value Sensitivity (b,) errorof b, nebulisation
Ni . NEB 6.08 1.60 —
Qo 4.99 1.24 0.82
Q4 6.08 1.52 1.00 . ]
Q6 5.72 1.54 0.94 iang & B U fo RN I
Mn .. NEB 2.36 0.031 —
Qo 33.10 5.19 14.03 Vi EE = 9
o4 8.59 1.44 3.64% AR & FIZET TS 50
Q6 2.83 0.102 1.2 Aty $Er ¢
Mo .. NEB 24.65 3.66 = SIHFRIREN S (12> T
Qo 7.01 1.45 0.28
o4 30.40 0.668 1.23 Voo
Q6 3130 1.36 1.27° L —
Cu .. NEB 13.50 0.187 = Cr, CubEHRIEHEEZESRL
Qo 115.20 6.98 8.53" . .
Q4 35.80 .60 2,65* TVBMIEHETH 5,
Q6 14.38 1.14 1.07
Cr .- NEB 11.70 1.13 —_
Qo0 16.81 1.82 1.44*
Q4 13.68 1.23 1.17*
Q6 11.6 0.742 0.99

* Sensitivities significantiy different to nebulisation.

Q 0 ceesnasrans QX/f \ya:'tt L
Q4 e QR w FrhIRREE
QB e QRA wFTI
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Direct analysis of steels by inductively coupled plasma emission spectro-
Xk metry with a Q-switched neodymium : YAG laser

T. Mochizuki, A, Sakashita

FE% | T Akiyosi, H Iwata HiHRAEEES | Anal. Sci., Vol.5, 535, (1989)
W
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REL -7 (H2BR)

S BREREFICHE L /o & B ORLEE - EREHEE. WThoxELSBEREO Y7 FIL
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Table 1

Experimental facilities and operating conditions

of the laser ablation/1CP-AES analytical system

Laser generator (NEC cw-Nd: YAG laser, SL115G)

Wavelength
Maximum output
Q-switching (NEC, SL231H)
Mean output
Pulse repetition rate
Pulse duration
(hal{-life time)
Laser optics (NEC, SL213C)
Focal length of
objective lens

Ablatiom chamber
Upper window

Internal diameter
Height

1.06 pm
85 W (cw mode)

18 W
1 kHz

110 ns

100 mm

1.0 mm thick,
optical-grade silica
30 mm

50 mm

Transporting tube {Tygon tubing)

Internal diameter
Length

5/32 inch
¢ca. 2m

ICP-AES instrument (Seiko Instruments, JY-48P)

Polychrometer

Paschen~Runge type

vacuum (<2 Pa)
1.0 m focal length

10-—-1
8 d
[
~ 6
3 b
=
34
E SREEE
2t L7ig&
a
00 20 40

Time/s

Fig. 2 Effect of the sample movement speed on time-resolved
output of Mn in JS5163-4 standard steel {Mn content,
0.46%). The laser was fired for 20 s at the pulse repetition
rate of | kHz. Sample movement speed {mm min™"): 0 (2);
15 (b); 28 {c); 35 (d).

35ma,/mim THEH & 5 DHGEY]

Z

Lox

Y

argom inlet—

Fig. 1

laser beam

quartz
window

—to ICP

Pyrex chamber

sample

Schematic diagram of the laser ablation device.

- REGRFETRELL

Intensity (a, u.)

0 20 40
Time/s
Fig. 3 Time-resolved outputs of Ni(a}, Cr(b), Cu(c) and Fe(d)
obtained by analyzing JS8163 standard steel. The laser was
fired for 20's at the pulse repetition rate of 1 kHz and the steel
was horizontally moved at the speed of 35 q_um_n);q_'_"%c'igggg
laser firing.

35mm,/min THEIXBIBEOELED
_%%ﬁﬁ
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Table 2 Relative standard deviations {RSDs?, %) of inten-
sities or intensity ratios for the analysis of the J85163-d steel

standard
Content, YAG Ruby
Element % Intensity Intensity Intensity
ratio? ratio®
Si 0.22 6.7 1.6 6.6
Mn 0.46 6.1 0.6 4.4
P 0.020 6.2 0.8 1.5
S 0.024 4.2 1.5 9.3
Ni 0.12 5.3 0.4 1.0, LEO0.73%)¢
Cr 0.10 5.8 0.3 1.2
Cu 0.10 6.2 0.7 1.5

a. The RSDs are based on six replicate measurements {except

for c).

b. Emission intensity of Fe Il 259.94 nm was used for the
standardization of intensities measured.
¢. The RSD based on ten replicate measurements was reported
by Thempson er al.! The value in parentheses indicates the

content in pereent.

Table 3 Detection limits (3o, ppm) for various elements in

steel
This work Reported
YAG  Ruby Ref. 1* Ref. 2 Ref. 3¢
Si 87 7i2
Mn 6 4 80 470 0.3
P 10 20 10
S 33 23 15
Ni 2 8 70 40 1
Cr .2 30 15 40 1
Cu 2 12 20 0.3

a. The values were obtained with the system using the same
" ruby laser as used {or this work. The laser was operated at the

energy of_1J and about | pg of particles was ablated.

b. Pulse-YAG-laser was used in multi-pulse mode (pulse

repetition rate; 10 Hz), The laser energy was 70 miJ,

c. Ruby laser was operated at the energy of 187 in normal

mode and yielded about 30 ug of particles.

10-2

TR IIYAG L —
P Ruby L —H i~ B0
(=1

RHERESYAG L—¥RE
é 2 ’Cl«f\%o
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Laser ablation for direct elemental analysis of solid samples by inductively
SR coupled plasma MASS spectrometry

T. Mochizuki, A Sakashita

&4 | W Iwata, T Kagaya HBMEEES | Anal. Sci., Vol.4, 403, (1988)
AE

[ CP-MS I 5 &BHEMR U EEERAROERSTEER L, VE—-LV—¥2EF
AFHCBH T ETELITAYNVE] CP-MSIKEAL T, MET 2HETH B,
—ROBFEHRB ] CP-MS T3, EMTREIRETH - 8FOR) 7 b3 v 7 iHKIEB, L
—YPRYLEEMWS CETREL (O TE AL ICE »7ce (BEEIY BGHERL 7 )
BOTEOEMBRERIIL. —ETE{PPRBIDOL 5 INEREDOLERZFSVEE LR LT,

» OBEhOR LT, U, ThORHBRFIZL 4sORESRRETO. 02~0. IppnTH - Foo

< SR OEAAIT AT S IBE. HEEROI vy Itk > T Bk (MO* ) skl k#nr (
MOH® ) ZHERL, Ny 7757/ FE—J7 LB TLESREAPH -1, THITH L. H
HABIOESEEALIL, N7 750V FE— 7 2 BRI TE LN TELREND 5,
(BB OEZEEAEREREAERICBI BNy 7 7597 FURLER 3 ITRT, )

CQAA v FE— FEMHE. KA VRERE 4B/ 5 E L. SIS H 5T 0V IR L —F
B k> CEE L, Bkl )

- BURLEEEE

MAREEL, FAROBERICAN, 20t ODEATR Yy pEKR LI, (EX2. 5um EE15mm)
EBERHZ. 100mesh OF LI FR——TCETMEFEL .

< JBETER LY U — 7 OXKE S I3ESERT0. don, £ESFT0. 3mm TH - Foo

X2 iERBHEARIC L 2 UDATERERT, RIDHRERSEICER L0, B4 ICERE
750, BEFRFHTZEVATEEMREF 2 —TOEI ITEET 5.

Fio, EEEHICLAAE) —FHREIAONT, BCGHEEEL TV,

< B 2icB i B EDEEFRIT. 15%TH Y. EBHNZT I ICRABEENLHARTH S

&5
V=4 LE—VL—% Wi \&K 1J ULAE sV REEE PPS

SEIAZ 140 2/nin F¥VTHR 07 8/nin 75R<THAZA 1.0 £ /min
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BEELORR (B53WEBA S AOMEE =325m AE40m {81 OB mEE.
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laser
11—-1
ICP-MS
=
—— ]
torch
360
valve .
v Ar é’ (a)
sample g
Fig. 1 Schematic diagram showing the laser ablation/ICP- E 1804
MS analytical system.
i
g
Table | ICP-MS measurement conditions 5 L & L
e
RF output L3kW % 250 500 750 1000
Coolant Ar gas 14.0 I min™ :
; Time/s
Plasma Ar gas 1.0 I min™! 280
Carrier Ar gas 0.7 1 min™ 2 {b)
lon extracted position 10 mm from the load coil 3
Dwell time 200 ps channel™! :
Number of channels 1024 channels =
Scan period 0.2 s scan™ X 140
Measuring time about 2 min for 5 successive g
shots g
Pressure in spectrometer 5’
Ist stage 2.5 Torr &y
2nd stage <2 10™* Torr 0 50 100 150 200
3rd stage ~5 10% Torr Time/s
1600 . N - : .
Fig. 2 Single ion response on **U obtained by monitoring
{a) GSJ standard silicate JR-1 (U content; 9 ppm). The pulse
repetition rates for (a) and (b} were about 0.3 and 4.0
800 pulses per min, respectively.
0 . A r A A
1600

(b)

800

Response, count
=
s

N,

0
1600
(c)

800

0 Lo - \_J\_.Lu

10 20 30 40 50 60 70 80
Mass

Fig. 3 Comparison of background mass spectra of low mass
elements. Spectrum (a} was obtained by the laser ablation
method. Spectra (b) and (c) were obtained by nebulizing
waterand 195 HCH-0.15% H2SQu solution, respectively. The
m/z ranges indicated by the dotted line were not measured
because of high intensities.
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Xighes | V=Y T LT S RBEEE TS X BRI X BB R S S OBENR

2R E ®F B\F
FES | WEFEER SW &K HSHERER | 4T b Vol. 37, 12 (1988)
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BOBLAEFOBGLEASNENWI ELD, Fa—-THTONECE TIZERTE S, ‘

- RIEREBEL, Uy MER2ESIC YV TCVESLI T ERIFTH - 12Dz L. T RAE—
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Table 1 ICP operating conditions 12—-1
Power/kW 1.2 1.0r
Ar gas flow rate/ 16.0 (coolant)
1 min-1 0.20 (plasma)
0.57 {carrier)
Observation height  15mm above the load coil —
Analysis line/nm g
Si I 28836  Ca I[393.37 <
Al T 396.15 Mg IF280.27 % osl
Fe 11259.94  Fe I 27L.44 3
Mn 11 257,61 Ti 11334.%4 =
S T 180.73 P 1 178.29
Table 2 Effect of grinding time on the
precision J
Grinding Precision®?, % Mean of 0
time/ 2 particle 0 _2'5 50
min Intensity Ratiob? size/pm Time/s
0.5 3.46 2.92 61,9 Fig. 1 Spectral response as a function of time
1.0 2.54 2.56 46.1 on the iron channel
3.0 2.63 1.56 6.7
5.0 2.85 164 7.1
10.9 3.02 1.65 10.3 10¢
a) The statistics is based on ten replicate measure-
ments for nine elements and is calculated as root- —
mean~-square of standard deviation for each measured : 5 4
element. b) The intensity for each element was :
raticed to the yttrivm emission intensity, =
£ 5
Table 3 Precision obtained by briquet and 5
bead methads
R.8.D, %
Species Cox;}ent, ——
. ° Briquet Bead
0 : . ;
Si0: 23.73 1.33 0.65 ¢ 0l 02 03
Ca0 39,92 2. 83 1,20 Amount of NiQ or CoO/g
AlQOs 5.39 1.54 0.48 . .
MgO 3.40 L16 0.41 Fig. 3 Eﬁ'ects_ of Nx‘O anfi CoO amounts on the
Total Fe 594 1.12 0.42 Fe emission intensity
MnO 19.27 1.68 0.30 ‘Weights of sample and reagents : sample 0.4
TiOa 0.95 0.99 3.90 g Na:B:Ozr 4.0g, NaNOQs 0.2g; oxide : NiQ
S 0.019 0.94 3.90 (O), CoO (A}
P 0.101 1.17 9.13 10r
R.S.D. (relative standard deviation) is based on ten
replicate measurements.
. . 2.0
Table 4 Accuracy in the analysis of slag
led) 3 1.4
sample ; 4
Species Range of /———-ﬁ——\lﬁerﬂcp ARF L g 2.1
contentd®), % Briquet Bead Briquet g 20
Si0e 6.21~26.83 0.26 0.16 0.64 i
Ca0 36.69~56.93 3.37 1.58 0.63
AlQs 1.39~28.71 0.46 0.38 0.37
MgO 1.10~10.51 0.37 0.13 0.25
Total Fe  0.22~12.49 011 0.10 0.21 8.2 17 97 12 i0
MnO 0.15~19.47 0.3  0.22 0.13 o= 2 & =4
TiO2 015~ 1.00  0.013 0.015  0.034 0 Lo 20 0
S 0.011~ 0.107  0.018 0.031  0.003 Y205 2mount/g
P 0.004~ 0.501 0.009  0.090 0.001 Fig. 2 Effect of Y;O, amount on the Fe emission

intensity

Sample : slag ((0) (Fe content : 4,2496), Ca0O
(A); Sample weight: 5.0g; Grinding time :
4min. The numerals at each point indicate
the relative standard deviation.

a) Accuracy was calculated as standard deviation ob-
tained for a series of differences between the certified
values and the results by laser/ICP technique. b)
Nine slag samples analyzed.
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Laser Ablation for the Introduction of Solid Samples into an Inductivety
XHk#Z | Coupled Plasma for Atomic emission Spectorometory

£%&% | M Thompson, J.EB. Goulter | Hi#J#3%4 | Analyst , January, 1981, Vol. 106, pp. 32
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Computer
~ - —|Spectrometer— » — and
output
T
Laser l
microscope Plas;;na 1
objective torc| |
Iy
|
l
! i
+ Three-way 1
1 tap
Light-
activated
switch

Sample ablation Optic
chamber fibre

Fig. 1. Schematic diagram showing the laser - ICP microprobe system.

TaprLe I
REPRODUCIBILITY OF THE LASER - ICP SYSTEM ON STEEL STANDARD BCS 402

The statistics are based on ten replicate single laser pulses, blank corrected.

Element
— —- —
Parameter Fe Cu Ni Cr Si Ni/Fe
Concentration in BCS 4082, % .. 983 0.23 0.73 0.55 0.27
Mean response/mV .. .. .. 440.33 26.56 25.31 74.81 53.85 0.0573
Standard deviationfmV . . 8.07 1.26 0.39 7.00 13.26 6.4 x 10—+
Coefficient of variation, % .- 1.8 4.7 1.5 9.0 24.6 1.1

#FLWEIC10EOIE U TR, #EY » TV RCVIENAAE L

13-1



PNC PN8420 93-014

BEES1 4

Xk V—H#F7 T V—¥ a v/ BEEES TS A EEMTEOES RS~ DIGH

BRI RF BT
FEH5% | HEEM B8 EX H g S3Hr{bZ vol. 40, pp8T5, 1991

A%
U—#77L—v 2/ 1CP-MSEORS AU DML EE Ui, MERHERE
FTHID, L—YORNEE L —FHARURREROPEERE L,

=Y AGEEQARA v FE— FTHERET S E:HABHOERENE BN, £RT 571 —%
3. HEERTEWDLO LIRS, ZhicdL, QAA vy FE£— FTHAT 3 EEREIDEL, &
BORBHOAEZEREIEEILENTE S,

SnEAyFUBEERAV. MESMERT LIHER, PUTABETH 5 b7,

« U XOESIEEEE 0 ~20mZ TR X E/-HBRET R, BT SbE/EE. Sn
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Response { X 103 counts)

1c0

Response (X 107 counts)

Time/s

100 100 200 400
{a) {b) {e)
80 b 80 160
300
60 | 50 120
200
40 40 80 '
100 *
20, 20 40
[ ]
) 0 06 g S-——!
0 40 80

Fig. T Eiect of the laser beam defocusing on depth profiles of Sa for tin-

plated steel sheet

Sample position from focus: Gmm(a), 5 mm(h), 1 mm(c), 15 mmid), 20

mm(e); Laser power: 150 m]; Pulse repetition rate: 1 He;

”"Sn(@), ﬁli];c(O)

60

45

30

15

0 0
0 20 40 60 0 20 40 BO 0 20 40 60

Time/s

Isutope:

0
0 20 40 60

Fig. 2 Effect of laser power on depth profiles of Sn for tin-plated stecl

sheet

Sample position from focus: 10 mm: Laser power: 100 mf(a), 150 m)(h},
00 mje). 250 mJ{d): Pulse repetition rate: 1 Hz; Isotope: ""Sn(®),

}'»f:i:-r'(o)
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100 @ 50 b)

Response (X 103 counts)

20 120

90

10 - 60

3o

1 1

0 20 40 50
Time/s

0!
0 20 40 60 0 500 1000

Fig. 3 Eflect of pulse repetition rate on depth profiles of Sn fur tin-plated

steel sheet

Sample positon from focus: 10 mm; Laser power: 150 m]; Pulse repetition
rate: 3 Hufa), | Ha(b), 1/3 Ha(c), about 1/30 He(d); Isotope: ™S5 @),
PO). In the ease of (d), intensities for "™Sn and *Fe conld he

accumulaled for each laser shot.

Table 1 Operating conditions of ICP-MS instru-

ment
— ICGP plasma—
Plasma power 13 kW
Reflected power <1wW
Plasma gas argan
CGras Nlow rate (cookant) 14.01 min™!
(auxiliary) LO min™!
(carrier) LOLmin ™!
— Sampling interface —
Distance lrom load coil 12 mm
to aperture

Material of cones nickel
Aperture diameter

sampling cone 1.0 mm

skimmer cone 0.7 mm

— Mass spectrometer —

Vieuun stage 1/kPa 0.2 kPa
Vacumn stage 2/k 1% <PX WY Tk
Vacuwn stage 3/kPa 230 7K
Lens senting tened for each isotope

20
o
4 fa) <—!—> (b)
u§ 1.5
= cr
25, .07 497}
o . Fa
£ os :
a 58Zn(x2)
o 52Cr(x10) S6Fq Tigr
0.0 L
0 10 20
Time/min

Fig. 5 Depth profiles tor painted sieel sheet
Sample position from Tocus: 20 mm(a), 10 mmih);
Laser power: 50 mJ(a), 100 ni](b); Pulse repedition
rate: 1.5 Hala), 1 ey
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o Re_qunse(xm_’ counts)

160 400
_ (b}
120 300

80 200 f; -

40 100

o Sosmg g AL . S L : 0 - 1
o 100 © 200 ©300 080

Time/s. -.ow . il Timefst

Fig. 4" Depth profiles of i and Fe Tor TiN-conted sieel shoci -

C Profiles: (a) ) and® (b)Y were: obtained. fof S5um TN and | pum TiN,
“respectively. Sample positon’ roin focus: 10 miny Laser power: 10 m] ;-

7 Palse repetition tate: 2 Ha(a), 1 H(h)

14-3
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Photo. 1 Cross scclion ol cra-
ters obtained by the ablation with
Q-switched Nd : YAG laser

Ablation time: 10 min (except for
Ti of 5min); Sample position
from focus: 10 mm; Laser power:
150 mJ; Pulse . repetition rate: 5
Hz
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Solid sample introduction by laser ablation for inductively coupled plasma
Xk source mass spectrometry

EEL Alan L.Gray H BLEEE Analyst, May, 1985 vol. 110 pp. 551
HE

WE—V—HF2EEABHBE L. £ L7 oV AE I CP-MSO7S XvHIc#AT
BHEERE Uiz, RN EESLEE) 20y MRICEFE Lf-Db, L—H2BHEL.
HR L7/ VEFTAIHAZATICPHICE®EL. BEARY MLVEME L. FETHE
IZDWT, V7R LIEWEG TERMT SRS TER, T~2 3 8m./ 2z OHFHTH—
BRAERENE SNz, FEICBT EMHBRIE. 10ng/gTH -7,

* I CP-MSHGTORRBAEZICTEWT, KEKZE R 75 AW —THAT B HFEUNOBRETIZ

BEAERSTTWE D, LML, ICP-AESTHWVWLhAFEEIMS ThHEEICEWVS

CENTE S, #-T. V—¥EFALEESHOBEBEALEL B L,

s V—PEEEQTE— N, QXA vFE—FEFER LI, HA130.3~1J
* 300mesh BIT O¥pREEE20%Elvesite EFIRE L. TAI = Lh v Fic AN, <~ MEL

2o (EIR EX 3mm EFE32mm)

« TIT ARG, M LIRT LD EMERERAO, VU TR L 775 ZwWIC

MATBEIEEBFNVTWE, £/, BEELOEELE, I CPRAEMICEDSITAZ EHMNTER

Wicwh, BEF 2 —7 GRUEBRE=AL) ZER L,

1 JOV =% UL X T, Ry MELEREREUCSBRER & HIcFLZR0. Ton, ZE X0, Tom

DAHEER LTzs XUy MELAHERER TR, D OBOMHFRIBE LI A# L .

T, BEF 2 —THICHBELTWA I b ot #E-TEEN ST TV — P aNETF

BRETETCICPSATICEELTWIWEEZ O b,

ZHix L. 0. SJORRECIE, FLERO. Smm, ZE X0, Smm DFLAFERR L 7=

753, 0.5J T40shot BB L B&D 7 u VLRI, 208 TH -7,

H2ic1 ) TRELABORIGEESR L, /. K3t ITEDA 7 — L THERER

5 U ZBROMTEEER LN FOTEZRIULE. 34 TH - 12,

RS ICRTEDICRE SN AEREL TR E, B—RIRGEENE SN, SFBEEREELE
* FERTRICOVT, BREFEERL AN, BIFGERNE SN -1, LML, Ihicx

LT3, WESEETHIET A ZENT TR SN TEYD ., BETWEEZ 3,

« B9 GRS LI BSDRIBRESR L. U, ThiZEPERERLTWAD, Pb, TL &

—EDEZER LI, TP Tl AERUEFTTL/-OTHD. R2ICRT I HIKOTRK

T, Z0BEREE EHERE BBEFTH S,

e
V=¥ AE—L—% HH 0.8~1J sULRIE__ SULREEE 1HBLE

WHIAZ_ 15 £/nin F¥UTHZX05~L0 £/min F3X<HA_0.5 £/min
ICP/37— kT 2—7 dmg (PVC) £=150 cm

BTV ORIR  NEESm =3 50mn

L—FE— ARGHSREOETOERFIN T, RRICERICRHTEA2BEEZTT 5, £
Az 70 R0 -T2 RE LESERSOERUEHORERENTES IO Lo
HEHIEERRICOE, DEFEIELIET. HLVBHNBEZERTE %,




PNC PN8420 93-014

To microscope
Mirror T o lffer
box I bench
Lens
g l Sample
Ar"‘& = V Cell bod
Tap ""——#’_:Ar Y

Base plate
Sub-plate Sample cup

15-1

ICP

Waste

Fig. 1. Arrangement of laser, ablation cell and gas flow

NN

25 50 75 00
Tirnels

Fig. 2. zMp TEsponse to successive 1-1 laser pulses. Obtained by
single ion monitoring on BGS standard AB. Integrated peak areas

for éhe two pulses are 61633 and 61309 counts. Mean current detection
use

Response ——=

ofF

Table 1. Atomic composition of BGS in-house standards (% mim).
Median values for major elements only are given

Standard
Element AB1 GN1 PD1 PN1
SioL. .. .. 26.61 33.66 18.81 26.33
Al L. L L 4.82 4.36 1.32 6.10
Fe .. .. .. 6.53 2.35 7.21 4.56
Ca .. ., .. 7.32 0.35 2.03 1.39
Mg .. .. .. 3.62 0.19 23.38 0.21
Na .. .., ., 1.80 2,25 0.27 5.16
K .. .. .. 0.37 4.00 0.062 5.26
Mo .. .. .. 0.15 0.077 0.11 0.15
.. .. .. 0.65 0.14 0.090 0.18
@ Q
: MMMM
Q
o
w
[:t]
[
0 100 200 300 400 500
Timefs

3. Mg response to extended train of laser pulses. Single ion
-.-nitoring and mean current detection. 24Mg concentration in sample
gB(;’/S ABI) was 2.85%. Relative standard deviation on peak integral

3% :
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{a) {b)

A

Response —=

] 100 s J

WW

L 100s |

Time ——

Fig. 5. Single ion response on 3¢Fe from high repetition raie laser pulses on BGS standard AB1. (a} 10 pulses per min; (b) 20 pulses

per min. Mean current detection

(@6 1[E, ()E 3FIC 1 [E L —H A BE LickER

(b) DEEENFREIH 3 %

108

2
T

Count integral

103 |

10 . . 1
0.01 0.1 10 10

Concentration, %

Fig. 6. Response versus concentration for four BGS mineral
standards using a train of Jaser pulses at 10 per min. Major elements
present: O, Na; @, Mcfg; 4, Al A, K; and B, Fe. Train of 20 laser
Fulses. 0.3J each, used over a period of 2 min..Signal integration over
inal 10 pulses using mean current detection

FER 5 TRICOWTIER L - B

ERBEBIESD2ENKRE N,
FelcBLTid*‘Fe L FexFuy b
L7
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25

4

n
2
% K \ A
E 5 \+ -t + 08P+
2
Q
o
e
(=]
&
EWr \ P 238+
-
m
o
o
5l
232Th+
2DST'+
0 5 10 15 20

Laser shot number

Fig. 9. Variation of response to four trace elements for successive
1-} laser shots on BGS standard GN1. Pulse counting detection.
Approximate trace concentrations: T1, 2,6; Pb, 14.6; Th, 9;and U, 26
pe g

Table 2. Concentration and precision on heavy trace elements in BGS
granite GN1

Isotope concentration/ Confidence
pgg-! limit (95%),
R.s.d., % %
Isotope* At Bi At At
W0Hg e e 0.29 0.31 49 23
M2Hg PN 0.40 0.38 51 24
037 e e 1.04 0.97 14 6.6
20571 ve e 2.6 2.6 i4 6.6
08PH e & X 14.6 10 4.7
ToiPh A 29§ — —
209Bj e e 0.66 0.58 28 13
B2Th e s 9 10 24 11
B5U e e 0.18 0.24 55 26
28y e .. 26 26 28 12
TotJ e .. 268 26§ — -

* Yalues for Hg, Tl and Bi, based on Pb concentration. Values for
Th and 235U based on U concentration.

1 Column A from mean of 17 shots each recorded separately.

# Column B from 10 shots inteprated together.

§ BGS reported value.

Table 3. Lead and uranium isotope ratios in BGS granite GN1

Isotope ratio

Lead
Uranium
Sample 206:204  206:207  206:208  235:238
GNI, A* .. .. 20.58 1.344 0.5376 0.0080
GN1,BT .. .. 2261 1.349 0.5481 0.0092
MissouriPbi .. 21.78 1.385 0.5342
Natural UJ .. 0.0072

* A From mean of 17 shots.
1 B From tota] of 10 shots.
} Missouri Pb values from Chow er al.8

156—-3

U, ThidwzbFiE%mRLT
W3, THETREL -5
ROREEEPICER LT
B EZEZ o5,

HEBHERETH BTI, Pb
t‘i—i@ﬁ_ﬁ%ﬂ—_\. LTL 3 E)o

ERLPTVWHEELETS
Tl, PhitfhdcEIcH~<EB
FLEEEHEET 5,
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BHES] 6

Atomic emigsion spectrometory of solid samples with laser vaporization-
X4 microwave induced plasma sysiem

#H% | T Ishizuka, Y.Uwanino 8R4 | Anal, Chem 1980, vol52, ppl25~129

A
V—¥&Qb<A 7 oFE s Ax SifES 2 AW T, BUEsES DAL Cr, Cu, e, Mo, Mo, Ni,
Pb, Ti, In%mtr Lice BLBOFILANRY bVE. AV oA 3~ THEL. FORLY—7
¥l BAEENSERET oo HAREIL. ©— 7 MEAT - 7284131, 2%~13. 8% T,
EFRENEEIT > FEAIE. 2.3%~12. 15 Ch - 720 F72. BHBEEEE. 0. 9ppn(Zn) ~22ppn(Mo)
T%;to(ﬁﬁﬁﬁﬁ®ﬁﬁﬂéﬁl,2tﬁﬁ)
" %5«"
V—HBETEU TN~ L (BB IEAFEELTHRETESN, TV—LhD Y b
WDRIBICIIROR GRS B,
OB GUNANBEY, @7 o— FiExR7 MU 2, @HDRINA A X,
ZTIT, BT A BEEAY, FITORLARY PVARETEZZ EEBRF L.
- EFEM ORiLE
BRI OREEFENDE S MST B0, 400mesh &) 3 A —/3f RETEUL,
Xoit, BEEREEZEGKEVCLY ) — I This LI-HB, RETER XS/,
s BHEARTZ FIVICBEL., EITORELEE L7,
DA r FRRBDOEE
A r A RHEEZ20~500ml/min TEALS B THEER L. TOERHLISRT LIS, BEN
KEL LB EFEEEIIENT 555, 200nl/nin RLETR. FLARY PALEMISETE
AT IERGMN T, (8- Ty REETIE 2000l /nin%85E L1,
Q@U—HFrzxhF—-DFE
V=BT RNF—%0.4)~1 I TENIBTCER L, TORENGICRT LT, 1.2)
P TR, WHTBIENGh-T, E-T V—HFZRAF—131 205 BE LT,
@<A 7 a7 —0D
40W ~100W= TE L X iz, BT RUBISART L IRTHIRL » TRLEE~OEEIENL
E)o w’JT\ EPFHﬁ@GOW%J‘gﬁLf:O
R AFEOY -/ UEEVEBLEICBS T AMTRELZ U REREA TS,
cFYICHRBEHAETLIINETHRE D, 2HEEOEETY 7ol » .,

e
=¥ JE—L—=% (QRAvF) HMA_12J ,ULREE __ sUVKEEEE PPS

Fr)TFTHZX 0.1 £ /min P/ 7— 6 0W
BEEII A Uy 7245 28 HEHIZATVAB  AEF 2 —7IHNE Tm
V—VOELHEEEIZ10en BHE( 7V—%) OAZX3 1lm

AL VRIEZEA Y 7 TOVT B,
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Q-switched
ruby laser

d

High voftage
PM }—
power supply

Needle Flow Laser vopor- High voltage
Aras
valve meter fzatlon cell power supply
Cavity e C-to-¥ Peak-holder
Microwave | | and c‘__'ﬂ: >3 Monochromatar |PM ©
power supply Plasmal| ~%- converter Integrator
Recorder
Pirani Oscilloscope
gauge L
Vacuum
pump

Flgure 1. Block diagram of apparatus

Stalnless steel
wall (i.d. 13x45mm)

Laser plume

Yiewing
direction

Sample
to Yacuum
pump

Flgure 2. Schematic diagram of laser vaporization-microwave Induced
plasma call system. The scherne is represented in inside dimensions

16-1
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16—2
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E 50|~ —e— /——>
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20 50 100 200 500

_ Ar Flow Rate, mL{min

Flgure 5. Effect of argon flow rate on the emission intenstty for copper
(6.04%) in aluminum alloy

Relative Peak-Area

100 +~ Qom0
/ . > < 100
- o
& 3
2 5
= -— » ]
@ a
o o
2 50} 2
o ®
& 1% &
. .
Flgure 4. Oscillograms of emission signals for several elements. (A)
Ni [0.16%) in brass; (B) Al (0.24%) in steel; (C) Cu {0.055%) in )
sluminum alloy. Signal, (A) 0.1 V/div; (B) 0.02 V/div; (C) 0.5 V/div. &
Time scale, 0.5 ms/div 0 } 1 1 I 0
38 40 42 4.4
(04) (1.0} (i-.2) {1.3)

Capacitor Voltagé, kV
{Laser Energy, J)

Figure 8. Effect of laser energy (capacitor voltagse) on the emlssion
intensity for iron (0.26%) in brass

BN Al CuDFEERRT L
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Figure 7. Effect of microwave power an the emisslon Intensn'y for 8
copper {0. 055%) in alumninum alloy . :

100

Relative Peak-Height
\ S
Relatlve Peak-Area

o 1 L L. 1
40 60 a0 100

Microwave Power, W

Flgure 8, Effect of microwave power on the emission Intensity for
molybdenum {0.085%) In stee|
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Table IL. Precision Data, Detection Limits, and Concentration Ranges in Working Curves for Various Elements

element

Al
Cr
Cu
Cu
Fe
Fe
Mn
Mo
Ni

Zn

_beam,

sample

steel
Al alioy
stee}
Al alloy
brass
Al alloy
Al alloy
steel
brass
steel
Al alloy
brass
Al alloy
Al alloy
Al alloy

analytical

line, nm

396.15
367.87
324,75
324,75
371.99
371.99
403.08
386.41,
352.45
341.48
352.45
283.31
283.31
366.35
213.86

concn. range in

wt, pg working curve, %

precision? detection limit
rel. std, dev,, % pezk height peak area
conch., peak peak concn., conch.,
% height area ppm wi, pg ppmi
0.07 13.8 8.5 9.3 8.4 14 13
0.031 7.2 8.0 13 10 17 14
0.18 4.3 2.3 2.4 2.2 4.2 3.8
0.20 10.4 4.2 2.1 1.7 2.3 1.8
0.088 3.5 5.9 2,7 2.7 3.8 3.8
0.20 6.2 4.1 12 9.6 13 10
0.13 2.4 4.4 5.4 4.3 4.1 3.8
22 20 25 23
0.07 1.2 2.9 3.8 3.8 3.9 3.9
0.24 6.6 6.8 12 11 16 14
0.20 3.8 5.4 13 10 9.0 7.2
2.0 5.5 4.5
12 9.8 21 17
0.15 8.4 12.1 22 18 15 12
0.035 7.8 6.3 0.9 0.7 1.2 1.0

0.017-0.16
0.04-1.01

0.044-0.26
0.075-0.97
0.026~0.30

0.043-0.16

0.015-0.24
0.012-2.01

0.035-0.20

& The precision was evaluated from the data obtained at the five points which were shot every five times with the laser

3
10 E x4
! /‘/'/l—* :
" NIA/'
= Fe
S0l -
ha F 7
o o ]
= o L) »
o o .
L] - /ﬁ
iy B Ni
f;" A Fe 7
[T}
T
zW0E =
& r . . 3
1 L1 1114l 1 vl 1
001 ad 1.0

Metal Céncn, *fe

10

Peak-Area, arbitrary units

Figure 8, Working curves for iron and nickel in aluminum alloy



PNC PN8420 93-014

BEESLT
Quantitative analysis of original and powdered rocks and mineral inclusions
Xk by laser ablation inductively coupled plasma mass spectrometry
Analytica Chimica Acta, 1990 vol. 235
e N, Imai e pp381~391
AE

FESOBAREH EEARRE VT T U=V 3 VRS TS A< HESTE TEEM N
2iT-700 TORR. KEREOHEC»»IDOT, TOERMBEET—H L, £, BERZ D
ABROERELA- I CP-MSTHT LRI, B—RHE08 - BEL TTH>@FORK
A L BELEVEER R, EBAWTIE. ESEER. 77U~ Liz@EEiid, /Y
7 LDESBEEBVTHIEL 7.

fiE
=% YAGL—¥ HH QAL vF0.02~0,12] sLZIE Q: 17 ns

7Y—22002~1 J F: 130 pgs
WHIAA_14 2/min F+UTHZX_0.68 £/min T3 XIHZ_0.8 £/min

VAR L 0PPS ICPRT— L2KW WX Fo—7 2mm¢ (PTFE) EX_150cm

L o XOESEE  T0n
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Fig. L. Transient signals of Li, 7.V, Cu, Rb and Th when five

successive laser pulses were shot at a JBT powdered sumple

dise.

150001

10000}

Intensity

5000}

%3 04 05 08 07 08 09

Carrier gas flow rate , 1/min
Fig. 4. Relationships between the signal intensities of (m)
*%Ars. (a) Li*, (®) La* and (0) Pb™ and the carrier gas

flow-rate.

[F-}

15000

oo Q
=
i
= 5000

a 0.2 0.4 311 o ig
Powar )

IFig. 3. Signal intensity change of La for JB1 powdered sample
with increasing laser power in {e) the free-running and (O) the
Q-swilched mode.
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Fig. 5. (#) Ablated weights of twelve standard rocks Tor single
laser pulse and (O) the normulized signal intensity of Ba.

TABLE 2

TABLE 1

Operating conditlions

17—-2

RF power
Argon gas flow-rate:

Outer gas

Auxiliaey gas

Currier gas
Loud cotl sampling aperture distanee
Sumpling aperture diangeter
Skimmer aperture dizineter
Daty seyuisition

FAKW

1
14 min 7!
0.8 1 min !
0.61min ="

4 mm
0.3 nun
1.0 mm

20 ms dweedl time
100-230 sweeps

Average and variation of signal intensity in five repeated measuremenis on JB1

" Co

Elerment Free-running mode Q-switched mode

Intensity R.sd. ? Normalized R.s.d. ? Intensity R.sd. * Normalized R.s.d, ?

{counts) () {counts) (%) (counts) (%) {counts) (%)
Li 569 6.6 578 8.5 213 36 209 1.6
v 75963 4.7 76659 5.1 i4678 29 E4635 R
Cr §024 12.5 79828 122 15945 30 13020 25

78 6.5 el 7.0 2605 29 1598 - 5.
i 6443 16 6513 4 1928 M 1925 25
Cu 11323 16 1477 13 5077 45 JEE2 B7
Zn 645 X7 5744 4.5 1628 k] E617 6.5
Rh 17547 5.2 17685 a5 8462 2 8498 1.7
5r S9LSL 1.9 S350 il J1438 17 15 1.7
Sn 756 ) 701 1.2 24) 3 237 17
54 ROT0A R s070} - 58431 a5 KEURD -
la TE738 4.1 11322 4.2 85560 3 R497 2%
Ce JUN35 5.7 29967 SH 21280 29 07 s
I'r 414 id 930 Y 207 3 2094 X7
b sl? 24 3846 RN 1975 21 2000 1.0
Th 1543 1.7 1864 kR 14382 i 1484 am
U 1093 6.3 TiOU 0.4 643 RS ] (PRI 0.0
fu=3
TABLE 3
Analysis of JB3 powdered and original recks TABLE 4
Element Powder Rusd.® Reck R.s.d.® Reference Analysis of biotite in granite JG1 by laser method and conven-
(egz”) () (g™ (@) {ege™") tional aqueous method *

Li 6.9 i0 8.2 18 7.2 Compound Laser  Solution Ele- Faser  Selution
Sc 312 5.0 41.6 9.4 35 of element method method ment method. method
v 382 10 391 15 383
Cr 59.1 14 59.5 27 60.4 Na,0 0.1t .13 Cu 39 l[.J.S
Co 356 89 360 53 363 MgO 873 802 Zn 284 405
Ni 383 1 35.8 13 38.8 Al O, 14.3% 13.68 Rb 743 874
Cu 308 10 152 15 198 CaO 0.64 0.91 Sr ?.5 133
b 97 96 982 75 106 TiC, 220 318 Sn 351 381
Eb 12.0 3.7 119 9.5 13 MnO 0.77 0.73 Sb 0.23 .20
s 350 41 28 1 105 Fe,05 2293 2331 Cs 63.0 585
Sn 094 13 094 81 0.86 Li 612 62 Ba 1512 1674
Sb 016 13 012 16 0.15 Se 540 64 T 3.6 1.9
Cs 11 8.5 11 a0 11 v 231 252 Pb 10.6 9.7
m 006 6.7 004 20 0.05 Cr m 270 Th 1 186
Pb 57 1 48 99 5.5 Co 47355 U 45 107
Th 13 57 14 96 13 Ni 478 613
v 049 53 0.4 n 0.46 * Figures are expressed in % from Na,0 to Fe,O; and in pg
*h=5, g~ ! from Li 10 U.
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Arc nebulization for elemental analysis of conducting solids by inductive-

XAk ly coupled plasma mass spectrometry
&4 |8, ). Jiang, R S. Houk HiuMEEES | Anal. Chem 1986, vol58, ppl739~1743
"

SR T BMORENEE T LEREAMOERIRAMTEERE L. £BMRE7—/F0D
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Table I. Experimental Parameters
outer gas flow rate 17 L mint
auxiliary gas flow rate 0.5 L min™
aerosol gas flow rate 0.8 L min~t
forward power 1.1 kW
sampling position 10 rm from load coil on center

sampling orifice diameter 0.63 mm

PNEUMATIC CLAMP
/

BORON NITRIDE
INSULATORS

ArIN
l — Cu ANQDE
Ar « AERQOSOL

out

O 1 2 3em
Flgure 1. Scale dlagram of arc nebullzer.

COUNTS s (x105)

o

06 08 1.0 1.2
AEROSOL FLOW RATE {L MINTF)

Figure 2. Dependence of net signal for 52Cr* on aerosol gas flow rate.
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Figure 3. Background mass spactrum with arc off. This speetrum and
subsequent ones were signal averaged for 256 sweeps.
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Figure 4. Spectrum of low-mass slements obtalned during arcing of
steel SRM 1468 (0.042% Al, 0.26% C, 0.009% B). The background
count rate In thls and subsequent flgures Is 3000 counts 577,
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Figure 5. Spectrum of firstvow transition elements obtained durlny,
arcing of 8AM 1264 (0.052% As, 0,15% Co).
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Figure 8. Spectrum of Zr, Nb, and Mo from SRM 1264 (0.157% Kb,
0.48% Mo).
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Flgure 7. Count rate data for Cr* (SRM 1164, 0.078% Cr) as a
function of time for two separate nebulization cycles, selected lon

monitoring at m/z 52, The arc was turned on at 0 s, off at 45 s, on
again at 80 s, and off at 118 s.
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Flgure 8. Callbratfon curves for 2Nb and '®1Ta; data were obtalned
by selected lon monitoring for the Indicated slement.
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Table II. Sensitivities and Detection Limits

element

Al
831
48y
By
5201.
BSCO
EDNin
K] Asg
0Zr
93Nb
BEMO
12ﬂsn
181y
154W

isotopic
abundance,

Yo

100
82.2
74.0
99.7
83.8

100
26.2

100
51.5

100
23.1
33.0
93.9
30.6

@ %N overlaps ®Fe,

sensitivity,
(counts a7
(ug g™t

180
130
130
240
220
200

21

76
370
790

83
300
650
160

detection
limit, g g

-1

—
NOHAOSOMONMHH®MN
o

o

18—4



PNC PN8420 93-014

EHES19
laser ablation of solids for elemenntal analysis by inductively coupled
Xk plasma mass spectrometry
ZFEH | Peter Arrowsmith HUEEE 4 | Anal. Chem. 1987, vol59, ppl437~1444
AE
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TO SAMPLE INLET OF IGP TORCH VIA 0.5m
FLEXIBLE TUBE
T PYREX GELL
2 PULSED LASER BEAM
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X -
Y -
COMPUTER CONTROLLED L j
TRANSLATION OF SAMPLE
IN XY PLANE. Ar GAS INLET
Heymn=1)
Figure 1. Schematlc of the laser ablation housing for 45° laser beam
angle of Incldence.
Table I. Operating Conditions
coclant flow rate 12 L min™t argon
auxiliary flow rate 2.0 L min™? argon
aerosol (transport-gas) flow rate 1.6 L min™ argon
transfer tube inside diameter 0.25 in. (6.4 mm)
forward power 1250 W
sampler orifice diameter 0.045 in. (1.1 mm)
skimmer orifice diameter 0.035 in. (0.9 mm)
standard torch sampling position 15 ram from load coil
extended torch sampling position 20 mm from load coil
Table II. Sample Translation and Analysis Modes
laser pulse ablation
translation sequence® pattern  ICP-MS  form of signal application
(A} none single pulse, o] peak hop transient single area analysis
trigzered by
MS
(B} none 10 Hz, no trigger =] peak hop  long transient - single erea depth profile
(C) single axis or  single pulse, O+O+0  peak hop multiple fow resolution spatial distribution
raster triggered by transients
B-C
(D} single axis or 10 Hz bursts, ©+8+® peak hop multiple long  spatial and depth prefile analysis
raster triggered by transients
8-¢
(E) single axis 10 Hz, no trigger ~ QROEOWD pesk hop  continuous sigral maximization, high resolution spatial and
repeat or and steady quantitetive analysis
raster
(F) eingle axis 1G Hz, no trigger  CISI3ED mass scan continuous qualitative and semiquantitative analysis
repeat or mass
raster spectrum

*Triggered by MS and s—c refers to external triggering of the laser by the mass spectrometer computer and by the stepper-controller,
respectively.
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Flgure 2. Single laser pulse ablation of a sample containing rare-earth
elernents. The Indicated m/z values were sampled with a measure-

roogod

200000

B50900Q

400000

3Ig0090 4

100Gas 4

1g0cqn

€0 130
f ~ HoD 138
° T T T T
a.0 LX) Lo 1.5 20 5 3,0

TME {sd

ment time of 5 ms.

LOG (COUNTS 3-1)

& 2 OWor (OFEHTHIE L ISR

<
Ba 1

5.0
“ Eu 153

Tl 48

20 Bathground

o0 20 4.0 a0 50 10.0 124 4.0 16.0 18.0 200
TIME {min}

Figure 3. Continuous signals obtained by ablation of an NBS micro-
probe glass {(SEM K963) with the 10 Hz Q-switched laser. Signals were
observed at four m/z values with a measurement time of 100 ms. The
sample was translated back and forth 40 times along a single axis.
Isotopic carmpasitions are ***Ba 0.85%, °Eu 0.50%, and “¥T1 0.24%
by weight.
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156000

Cu B3
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100600

75000 <
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25600 WW] sb 123

o T ¥ T
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COUNTS 5-1

TIME {min}
Flgure 5. Signals observed for the determination of Cu, As, Sh, and

Nl in NBS steel {SRM 664), The 10 Hz Q-switched laser was turned
on at 0.7 min and off at 2.9 min. The measurement time was 100 ms.

Table V. Comparison of Solids Analysis Techniques

transport detection
form of rate into limits,

technique signal ICP sensitivity pg gt
this work
(Q switched) steady 0.1¢  20-200* 0.2-2
arc nebulization
ICP-MS* steady 8¢ 100-800° 0.4-4
laser ablation
ICP-MS*
(free running) transient 100/« 2-401 0.01
lager ablation
ICP-ARES
(free running) transient 10 not reported  0.3-2

®pg 87t *Counts s per ug g”'. °Reference 21. “From the
quoted rate of 1 mg min™, assuming 50% transport efficiency.
“Reference 10. fug per pulse. #¥rom the quoted rate of 0.2 mg per
pulse, assuming 50% transport efficiency. 4 Counts per ug g per
pulse. {Reference 8.
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Flgure 6. Analytical curves oblained for the NBS microprobe steels
(5RMs 66 1-665) with internal standardization on 8Ni, Precision of the
data points was within the symbols except for those marked by error
bars (£1a).

large scatter probably arises from the uncertainty in the
concentrations of Nb, Zr, and Sh (which are not certified for

-3.0 t + t
-2, -1.0 0.0 1.0 2.0

LOG (C(E}) (g 97)

Figure 7. Analytical curves obtained for the copper standards with
internal standardization on the attenuated ®*Cu signal. Ablation by
free-running laser.

19—4



PNC PN8420 93-014

Table 1II. Detection Limits {from Analysis of NBS Sicel

SRMs

isotope

BAq
55Cu
1236
BMo
WZr
B0y
#Nb

Fo
abund

100
30.9
42.8
23.8
51.5
83.8

100

detectn lim
{3a), pg g™

2
2
2
0.9
0.3
0.3
0.2

rel response
R{E)/R(®Ni)

1.2
1.2
1.4
2.5
6.6
7.5
11.0

1P,
eV

2.8
1
8.6
7.1
6.8
6.8
6.9

Table IV. Detection Limits from Analysis of Copper

Standards

isotope

75As

12le
:l30fIie
IO'IAg
EﬁMn
114Cd
QOBPb
209_Bi

%
abund

100
57.3
ad.5
518

100
28.9
517

100

detectn lim
(Bo), ng g™

6

4
0.3
0.3
0.2
0.2
0.06
0.2

rel response
R(E)/R{®Cu)

0.007
0.034
0.16
0.17
0.26
0.58
0.87
1.1
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Fig. 1 Structure of laser desorption TOF mass spectromeler.



PNC PN8420 93-014

BEES21

Inductively coupled plasma-emission spectrometry using direct vaporization

Mk | of metal samples with a low-energy laser

H Kawaguti, Jinrui XU
Z#4% | T. Tanaka, A Mizuike e | Bunseki Kagaku vol. 31 pp. B185-191, 1982
HE
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e Sample chamber

Fig. 1 Schematic diagram of laser optics.
a: NA:YAG laser, b: diaphragm, c: dichroic mirror, d: sample chamber,
e: sample, f: cross-mark plate, g: TV camera, h: TV monitor.

Table }. Experimental facilities and operating conditions.

ICP generator Shimadzu ICPS-2H, 27.12 MHz, Power 1.2 kW

Argon gas flows Plasma 10, Auxiliary 1.2, Carrier 0.8 1 min~1

Spectrometer Shimadzu GE-100, 0.83 nm mm~1, Slitwidth:
entrance 20 um, exit 40 um, 3-channel detector

Wavelength, nm Cu Tr 224,70, Czr II 205.55, Mn II 257.61

Ni IT 221,65

Detector electronics Laboratory-made 3-channel peak detector/integrator®)
Pre-integration time 0.3 s, Integration time:
1.5 s at single-pulse, 6.0 s at 10 pps {pulse per
second)

Laser generator NEC NA:YAG laser, SL129a, Wavelength 1.96 um,
Energy 100 mJ at single-pulse, 70 mJ at 10 pps,
Pulse duration ca. 100 us

Laser optics NEC SL120, Focal length of objective lens 20 mm,
image magnification ca. 100 on TV screen
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Table 2. Vaporized amounts of metals and alloys.
Weight loss/pulse {ug} Weight loss/pulse (ug)
Metal 0.1 7 1.0 J8) Metal 0.1 J 1.0 g8
Aluminum 0.07 48.3 Silver <0.0}
Cadmium 39.0 Tantalum 0.15
Chromium 1.84 44.1 Tin 24.8 1020
Copper 0.03 1.36 Titanium 3.54
Gold <0.01 80.1 Tungsten 0.49 38.2
Lead 131 1350 Zing 9.65 281
Manganese 11.8 77.0
Molybdenum 0.40 Brass 0.38
Nickel 0.22 67.2 Stainless
Platinum 0,20 steel(304) 2.90

E) 1 JDEIER, Ishida : J.Spectroscop. Japan, 21, 16(1972) o5 |H L7-fE

- E CERZR LTV 5,

2 mm —

- =]

=] 1
. r
m —
= >

= -l
= &mm =
;] o
: g

f:.' 5 mm (=g}
c £
= ¢
4 mm 13
o

D- k

0 2 4 6 8 0 50 100 150 200
Time, s Length, cm
Fig. 2 Response of Ni II 221,65 nm as Fig. 3 Relations between peak intensi-
a function of time for various tube ties and the tube diameter and length.

diameters. Tube length 170 cm.



PNC PNB420 93-014

-~ °[o
= T mm
z
g8
£
4 mim
w6
/]
.
¥
()
p
2 o
2 mm
¢ 50 100 150 200
Length, cm

Fig. 4 Relations between relative stan-
dard deviations of peak intensities
and the tube diameter and length.
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Fig. 5 Spectral responses as a func-
tion of time for the multi-pulse

mode.

Table 3. Vaporized amounts of some copper alloys and intensities
of Cu II 224.7 nm line

Sample No. Composition (%) Weight loss Intensity
Cu Zn Ph Sn /oulse (ug) Cu 224.7nm
CS~L 95.0 - - 5.0 0.07 0.40
CsS-2 89.0 - - 1.0 0.15 0.84
CsS-3 84.3 - - 15.7 0.28 1.47
C5-4 78.4 - - 21.6 0.65 1.51
Ci-3 63.5 33.2 3.3 - 1.79 2.11
CZ-5 58.9 37.7 3.4 - 4,04 2,17
cz-7 56.6 40.4 3.0 - 5.53 2.23
C2-15 47.1 50.4 - 4,39 2.16
cz-17 52.3 44,9 - 2.74 2,06
ZB-1 85.6 10.5 3,9 - 0.1%9 0.28
303 76.0 21.0 3.0 - 1.37 0.96

Table 4. Relative standard deviations of intensities

Element Content RSD ( %, n=10 )
Single-pulse Multi-pulse
(%) Peak Integrated Integrated
Cr 0.36 6.9 6.0
M 1.07 3.4 .
Ni 0.19 2.2 1.8 2.6

LB Z T - 7B e HE T RIF
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laser solid sampling for inductively coupled plasma- mass spectrometry
Xk
E. R. Denoyer,
=E5L K. J. Fredeen, J.W. Hager | HiBi%#3%4 | Anal. Chem 1991, vol63, pp4d5A ~45TA
AE
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Figure 1. Schematic of instrumentation used in laser sampling for ICPMS,

Table l. Comparison of solids analysis technigues®

Some key attributes commenly consldered

Excitation andfor Measured Detection
Technigue sampling species species limit {ng/g) Strengths Limitalions
Probing techniques High sensitivity
Semiquantitative screening Moderate mapping/profiling
LS-ICPMS Pholons tons 0.005-0.5 Isotoplc Information __Not fully characterized
’ ’ : Hi%h spattal resolutien - Moderate sensitivity
: xcellent imaging Sample charging
EPMA Electrons X-rays  10-300 ‘Excellent mapping . Sample in vacuum
High sensitivity Variable sensitivity
Surlace information Sample charging
SIMS fons lens 0.001-1000 Depth profiling Sample in vacuum
S L e TR " Slrface information Sl
) ’ B -3 Depth profiling - -
. RN ' n . #'1-"1- Excellent mapping . Poor sensitivity
Auger electeon Cel T s rs Auger v eoi. Goodimaging o0 Sample charging -
specirescopy -~ Electrons " electrons ; -.1000-10,000 . . Chemical speciation & . - ‘Sample in vacuum
Inorganic and organic
LAMMA Photons lons 0.2-20 information Poor reproducibility
Bulk techniques : . . . ) o LTk .
o Lo T Co T e Excellent precision : - - Moderate ‘sensitivity -
JRRES Il Kays  Xerays . 0.1-100 . Well characterized >, Poor lateral resolution - -
Pheta- Chemical information Poor sensitivity
ESCA X-rays elecirons 1000-10,00 Surface information Sample in vacuum
S g Tor o s o " High sensitivity ' -7 Conductive éa'mbles"'
GDMS * . Plasma lens - - . 0.005~0.1 High precision  ~- . Complex speetra . -
Quantification
Complex spectra
Arc/Spark OES Plasma Photons 1-100 Qualitative screening Conductive samples
R T e e e . _,_ e bérh'pfex'éﬁé'c'ilra' .
88MS. - .- Spark lens ° 0.001-~0.4 5. High sensitivity. - 7alnop, - Conductive samples .

“EPMA: electron probe microanalysis, SIMS: secondary ion mass speciromelry, LAMMA: taser microprobe mass spectrometry, XAF: X-ray flucres- )

cence, ESCA: eleciren spectroscopy for chemical analysis, GDMS: glow discharge mass spactrometry, OES: optical emission specirascopy, SSMS:

spark seurce mass spectrometry.
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Figure 2. Photomicrographs of laser-induced craters for (left) free -running and
(right) Q-switched laser pulses (Nd:YAG laser, 1064 nm).

ntensity {counts/s)

Flgure 3 Dependence of LS ICPMS
signal of Ce and Zr In steel on laser
energy (Nd.YAG laser, 1084 nm).
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NIST SRM 661 AlSI 4340 steel; Nd:YAG laser, 1064 nm, free-running pulse

mode).

5-g (10-Hz) Laser exposure
{50 pulse) Transient

Continuous 10-Hz pulsing

F of signal profiles for various pulsing stra
LS-ICPMS {Nd:YAG laser, 1064 nm).
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Table lll. LS-ICPMS
quantitative analysis of
NIST 612 glass using
matrix-matched standards?
Measured Certificate
Element {ng/g} {ng/g}
B 258+1.8 (32}
TRy, 2% A Co 33.8x14.1 355+1.2
) N Sr 741433  7B.4+0.2
Figure 6. L5-ICPMS quantitative Ce 354217 (39)
analysis of steal (NIST low-alloy SRM Nd 333215 (35)
861) using glass (NIST SRM 612) Sm 35.8+1.3 {39)
calibration standards (Nd:YAG laser, Eu 334%14 (36)
1064 nm). Gd 37.0£2 (39)
Dy 331 +£1.2 (35)
Pb 428+1.1 38.57x0.2
Th 36921 37.79+0.08
] 31.8+41 37.3810.08
“Values in parentheses are informational
values only, Errors given for measured re-
sults are the standard deviation; errors given
for certificate values are sither the full range
of values found or the standard deviation,
whichever is larger.

¥

Figure 7. LS-ICPMS semiquantitative
analysis of USGS GXR-6 soil
reference material (Nd:YAG laser,
1064 nm).




