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Astrum GD-MS

= First instrument commissioned ~10 years ago.

» Request to have a low-flow, low-power source o
replacement of the discontinued VG9000 “gold w »
standard”. S —

* l:=

astrum ES

= Now reaching for 50 working instruments
worldwide.

= Used for high purity materials, semi-conductors, > ¢
non-conductors, powders...

v nu
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Instrument layout

2 turbo
pumps +
scroll pump

Sample loading

Detector

Source chamber
Source & collector

slits

lon pump

ESA
Electrostatic analyser

Magnet

lon pump

18. GDS-Anwendertreffen, Freiberg AMETEK

26-27 September 2019 MATERIALS ANALYSIS DIVISION



Why Astrum?

VERSATILE

REPRODUCIBLE

RELIABLE
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Versatile — Pin & Flat
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Versatile — Conductive (semi-) samples

\ - T o
’ -— "‘77
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Versatile — Non-conductive samples vV U

Use of support/sacrificial electrode
such as high purity In disc or Ta/In
spoons
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Versatile — Cryo-cooling v

= Use of liquid Nitrogen and venturi system for automatic cell and sample cooling
= Temperature reached below -170°C

= Greatly reduces C, N, O backgrounds and related interferences

= |deal for low melting point samples (e.g. Ga, In, Pb)

= Software includes auto-start/stop

Compressed
Air

YVYVVY

Nitrogen

Block and source (pin and flat)
cryo-cooled
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Reproducible — Ni Alloy data with STD RSFs v U

14
- PY ® x x Elerment Mean 150 RsD% Element Mean 150 RsSD%
X

o0 0o Mg 119 10 & sn 776 | 5.0 i
. 10 ° %o o xx x X X xx =X Zn 371 | 16 4 sb 369 | 21 &
g_ o ® x e XX x x Ga 664 3.4 5 Te 6.6 | O ]
) as 31.0 132 4 Tl 1.0 o1 g
= Sa 5.2 0.6 12 Pb 143 | 13 g
o -
5 6 ag 30,6 14 4 Bi 10,0 | @9 g
© Cd* 038 | 013 35
E Average = 10.0ppm, 1RSD = 9% *12Cd is used for Cd measurement and has a significant interfierence close
o 4 3 ® Operatorl to analyte pesk, hindering integration.
g (n=36)
Q Operator 2

2
XX Operator3
0 = 3instruments
0 10 20 30 40
Number of analyses " 3 operators
= 2014-2018
= 36 analysis of 4-8 reps
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Reproducible — Ni Alloy data ++ v u

Bi
14.0 = 7 instruments
12,0 e . *. . .
100 | *Te"0, Se o e 00 0 0 00 oo, oo o0, %e%s o * ev ,.'....,.. = 5 operators
8,0 o0 ¢ o0 ® o o0 o
o0 Original data: 3 instruments Extra data: 4 more instruments " 2014-2019
4,0
2,0 = 71 analysis of 4-8 reps
0,0
0 10 20 30 40 50 60 70 80
CEaCIEED G
Element Mean 150 RSD% Element Mean 150 RSD%
M 119 10 ] sn 77.6 | 5.0 B
wg [uasTw[ s = Tmslsal s Mg R B 750
Ga 664 34 5 Te &6 06 9 37.1 2.2 6 36.1 2.1 6
As 310 | 12 4 Tl 10 | 01 g
- el el S S el El B 662 32 5 Te 65 06 10
g 06 | 14| & @ 100 [ 09 | o 301 13 4 Tl 10 01 8
cd* 038 013 3%
*UCd is used for Cd measurement and has = significant interference doze 5.2 0.6 11 13.9 1.1 8
to analyte pesk, hindering integration. 30.0 1.3 4 9.9 0.8 8
Cd* 0.39 0.10 26
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Reliable — Easy maintenance v i

= Two sets of defining slits, source fixed slit and = Most parts made of Ta and cleanable
collector adjustable slit, both software controlled => use of same source/sample holder parts
= —

(le ™y

i [ (0
Source | |
Fixed slit {Tm, s |4 |
&0 T | |_~_-. i
|
o |

I AT
= = U

Collector
Adjustable slit
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Purity example — 6N Copper

nu

= FANFAT]
Li7-<=0.196 ppb Bed-<=0.231 ppb B11-<=0.153 ppb C12-30.166 ppb N14-52.883 ppb 016-172.861 ppb F19-<=0 436 ppb MNa23-4.532 ppb
e i Ll Lo i
Mg24-<=0.709 ppb AI27-0.852 ppb Si28-4234 ppb P31-1.399 ppb 532-1.868 ppb CI35-165.905 ppb Ar36-53.863 %
Ll Wl ] nly T ! Il W
Cadd-<=13274 ppb Scd5-<=0.03% ppb Ti47-<=0.568 ppb Ti48-0.479 ppb W51-<=0.055 ppb Crb2-2=1.293 ppb Mn55-1.048 ppb Feb6-7.045 ppb
T L L LU L Ll 1 Ll L L
Ni58-6.410 ppb Co58-5.350 ppb Ni60-8.321 ppb Cub3-100.000 % Cubs-102.012 % Znb8-<=17.768 ppb Gab%-<=0.744 ppb Ge73-<=6.645 ppb
o 00 | ol I " ) | L |
As75-4.118 ppb Br79-0.699 ppb SeB82-<=18.863 ppb Rb25-<=0.406 ppb Sr28-==0.233 ppb Y&9-<=0.085 ppb Zr30-<=0.125 ppb Nb83-<=0.067 ppb
L a Ll iy T I I LU ] ] ] L [N
Mo§7-<=3.983 ppb Mo98-2=2.009 ppb Ru102-<=1.280 ppb Rh103-2=179.830 ppb Pd106-=0.688 ppb Ag109-76.261 ppb Cd110-2=21.829 ppb Pd110-<=1.604 ppb
! M M L1l (T ] ! [ ! !
Cd111-<=7.306 ppb In115-2=2.177 ppb Sn119-2=2.788 ppb Sb121-2=0.685 ppb M27-<=0101ppb ||| Te128-21.505 ppb Tel130-2=9.054 ppb Cs133-<=0.101 ppb
1l Ll [ Ll 1

Ba138-<=0.164 ppb La139-<=0.075 ppb Ce140-<=0.247 ppb Pr141-<=0.236 ppb Nd144-<=0.303 ppb 5m152-<=0.274 ppb Eu153-<=0.156 ppb Gd158-<=0.283 ppb
I I I I
Th153-<=0.071 ppb Dy 164-<=0.269 ppb Ho165-<=0.080 ppb Er166-<=0.226 ppb Tm165-<=0.085 ppb ‘b174-<=0.304 ppb Lu175-<=0.084 ppb Hf178-<=0.240 ppb
I T I
Tal181-<=15.782 ppb W183-<=3.804 ppb W184-<=0.479 ppb Re187-<=0.209 ppb 05192-<=0.247 ppb Ir193-<=0.566 ppb Pt195-<=2.149 ppb Au197-<=5.538 ppb
] I.|.|.|.|.|.|”.|.|.|.|.|.|.|.|.|.|.I Ll 1] Ll I I
Hg202-=3.258 ppb TI205-<=0.639 ppb Pb208-<=0.421 ppb m Bi209-<=1.258 ppb m Th232-<=0.066 ppb H 1J238-<=0.073 ppb H

1hr including acid etching,
tuning, pre-sputtering and
analysis

1 replicate: ~10min

>60 elements @ppb or less
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Trace gases analysis

= Oxygen in steel

SRM O (wt ppm)

GS-la 87
GS-1c 46.0 +3.8
GS-2b 14.6 + 34
GS-3b 385+24
GS-5a 136+9

JSACO111

661 (9)
662 (11)
663 (7)
664 (17)
665 (63)

Oxygen Trend in Steel
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Trace gases analysis

Oxygen in steel - reproducibility
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Trace gases analysis

Carbon in steel

Certified C/Fe

Carbon trend in steel
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What next? Software

(D NU CODAQ EVOLUTION I Ry

TUNING
SOURCE SLIT MOVING - PLEASE WAIT
DASHBOARD @ x MAGNET SCAN X TUNING PARAMETERS X

Close All Pump Sampie File basic settings
> 40202 - 40343 H 200 steps Repeller Voltage 0oV
. Min Max Extraction Voltage 0lv
@ 1300RP  -0.0006V -0.01 50 ~ .
U Extraction Delta 003V
Add Sample Target pressure Transfer ¥ Defl 002V
Transfer Z Defl 0ozv
Mass Shifter 0ozv

Pump Port Baratron pressure:
() NUCODAQ EVOLUTION I Ton gauge pressure trip
To b SOURCE SLIT MOVING - PLEASE WAIT
GRAPHICAL MONITOR COLLECTOK SELEC TON -~ MONITOR PARAMETERS X | DIGITAL CONTROL *
Baratron pressure v| W20
M 1300RP . 1300 RP - collector power
| Ws000re 220 RP 0.0018V [ Preumatic valve supply
| Wsoore INSTRUMENT STATUS x 1300 8P 00008V B v cupslies
Il Operate Mode 3000 RP 0.0016V B encbie wigh voltages
Magnet current fon gauge
Bl standby Mode 5000 RP 0.0002V : g
Source filament
0.00 I shutdown Mode DVM Card Temperature 45.02°C B vognet supo
. agnet supply
Faraday Amp Temperature 27.39°C Bl et sskeout power
Pl FARADAY NOISE X Suppressor 00V B ov ooy
Use Ss integration Start [l source in Regulation
EVQO 10 INLET SYSTEM @ % | MESSAGES I shutdown Mode
e SYSTEM CONT| 20RP e~ Mean L79E-003 sd 14E-005 M standby Mode
to0)cm _ SOURCE SUT W operate Mode
lseript] Seripts 1300RP AN iean -6.63E-004 5o 16E-005
Wass Shifter Navigate Tuning setting:
Error(s) detects 3000RP S~  Mean L57E-003 <d. 10E-005
N 06-Feb 11:09:53 Electronics res
06-Feb 11:08:53 [script] colct . )
06-Feb 11:08:47 Serial connecti | S000RP Vieen 211E008 = 158006
¥ - g N L . J ELECTRONICS UNITS STATE x
I Mzgnet Controller 06-Feb-2019 1110:00 DVM OK
Collector B Hviooo-1
Turoa pump Lo " " . i B vio0-2
. 1300 RP M 0% R il b L " B B Unit
112000 11:2200 112400 112600 112800 . nlet MIO
Rough pumg Rough pump Ravah purme Save Data Print Data B8 Pressure and Motors Card L
Clear Export Data... S Supph
Messurement completed ource Supply
B Filament Heater
EVO 10 INLET SYSTEM B X | INTERROGATE Magnet Slave
R R s .. [ Analogue Digital Card
00000 Torr o e - [ ovm
trap_voltage -
read_trap_uoltage Hide Log Clear Test
pump._inlet_port = I
inlet_pirani 3 MESSAGES foR
= —_— 06-Feb 111000 SYSTEM CONTROLLER HAS RESET
baratron_pressure 06-Feb 11:10:00 SOURCE SLIT MOVING - PLEASE WAIT
- s 06-Feb 11:00555  [script] Scripts using Python 2.7.5
sl.cutef 06-Feb 13:09:53 Tuning settings were applied due to an electronics reset
fashyesion + |06-Feb 11:08:53 Errorfs) detected by system controller
- 06-Feb 11:09:53 Electronics reset state detected at startup. Restoring last known tuning...
ol —— oo Q (06-Feb11:09:53 [script] collectors.py: selected 1300 RP. Set source slit to Medium res
fovnne g foan e = Q 06-Feb 11:09:47 Serial connection apened on 'COME’ (system contraller)
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What next? Software nu

=@ R

Detailed analyses data
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See you at IGDSS in Oviedo 2020

Vielen Dank fiir ihre Aufmerksamkeit
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