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Introduction

Benefits of quadrupol mass spectrometers in the field of process gas anal ySIS

All gaseous components can be detected with one det  ector but with
different detection limits.

Qualitative (identification) and gquantitative measu rements possible.
Continuous operation — online process measurements.

High dynamic measuring range from sub  -ppm level up to 100 % with
automatic ranging.

Simultaneous measurements of main and trace compone nts in the
process gas mixture.

Fast measuring speed, typically < 100 ms / gas comp  onent.
Fast response times.

Low sample gas consumption, typically < 10 sccm.
Automatic measuring and calibration procedures poss ible.
Complex screening of the gas mixture possible.

Low costs of ownership and high reliability rate.
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Introduction

Principle of a quadrupole mass spectrometer

ionization process of | | mass separation of ions detection of
neutral molecules according to the m/z ratio selected ions

ion detector and
amplifier

ion source and quadrupole @
transfer optics rod system %

@B

Circuit diagram of the four
quadrupole rods with

RF voltage V-cosw t

and the superimposed

o] DC voltage U

[ (U+Vcoswt) |
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Sample

to be analysed

gquantity

sample pressure
temperature
composition
phys. and chem.
properties of the
sample gas

e.g. poison, explosive
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Mass Spectrometer

=)

__. Qasinlet system

-~ analyser-unit
pressure reduction

_ Quadrupol-Analysator
mit Analysenrezipient

S5O "0 —TO0n IO T 0DQ

Customer specific requirements

availability, integration into the customers control system,
return of investment, cost of ownership

Analytical
requirements

- measuring range
- measuring speed

- accuracy

Output of the
results

- digital
- analogue

- control commands

IP1-2009




mass spectrometry

foron-line gas analysis  Off gas analysis in steel plants

process: operational conditions requirements:
high dust load, wide temperature rai
_ Steel Converters vibrations, electrical and magnetically fiel _ hlgh analytical performance

H,, CO, CO,, N,, O,, Ar, (He, CH,) fast measuring speed

high reproducibility and accuracy
wide measuring range with high linearity

long time stability

- blast furnaces

H,, CO, CO,, N,, O,, Ar, (He,)
- full automatic operation

full automatic measurement

full automatic self check and calibration

- electro ovens

data exchange with process control systems
H,, CO, CO,, N,, O,, Ar, (He)

- vacuum degassing - high availability and

Hy, CO, €O, Ny, Oy, Ar, (He, CH,) easy maintenance

robust modular design

- d|reCt redUCt|On easy handling for operators
H,, CO, CO,, N,, O, , Ar, self diagnostic tools

CH4, Csz, CSHX’ C4HX

modem-support from IPl Bremen

The largest blast furnace in Europe is controlled

IPI InProcess with a GAM 300 mass spectrometer.
Instruments (TKS, Duisburg) IP1-2009




Off gas analysis in steel plants

Flow chart for the gas analysis on steel converters or blast furnaces

Steel converter or blast furnace

26 m

Lol

pump  filter

G4 m

24 m

1200 - 1700 °C
high dust load

om

Full automatic operation of the GAM 300
mass spectrometer with the IPI software
package for the steel converters and blast
furnaces.

The data exchange with external control
systems can be established by:

digital communication with PROFI bus

analogue input & output boards

IPI InProcess digital input & output boards)
Instruments IP1-2009




mass spectrometry
for on-line gas analysis

GAM 300 mass spectrometer with inbuilt computer

internal air conditioning system

easy access to all components
from the right side,
the left side and the front door

closed rack cabinet according
_ IPI-2009
protection class IP 54
e



mass spectrometry
for on-line gas analysis

vacuum diagram GAM 300

quadrupole analyser

2 lon detectors (SEM- und Faraday detector)
2 electrometer preamplifier with auto ranging funct ion

Gas stream selection units for 2 sample gas streams and 6 calibration gas cylinders
IP1-2009
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valve manifold for the gas stream selection and cap  illary inlet system

IP1-2009



mass spectrometry
for on-line gas analysis

Strong peak interferences for CO, CO ,, N, CH,

easy and flexible parameter settings , e.g. extensi  ons for other gases (COS,...) are possible

IP1-2009



mass spectrometry
for on-line gas analysis

Reproducibility of the check gas measurement values over a period of 11 days

excellent stability of the measured values
IP1-2009



mass spectrometry
for on-line gas analysis

measuring results of a single heat run of a steeboverter

Please note:
logarithmic

Y- scale !

measuring frequency :
1 complete cycle per second

wide dynamic concentration range from 0.001 % - 100 %

IP1-2009
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Communication lines between the GAM 300 (with integ  rated computer) and the PLC

analyser container

IP1-2009
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Monitoring of a drying process under vacuum conditi ons (p < 1000 mbar) with N , purge gas

IP1-2009



GAM 200 system configured for on- line monitoring of drying processes  — main features

- mass range 1- 200 amu - pressure controlled gas inlet

- heated gas inlet - heated gas stream selection with 8 lines

Process-

Pro LED: Ready —
calibraton — 3
gas Y1-Y8 4——— Exhaust gas or LED: Temp |

IDIGITAL 1/0 external pump

EXTERN

ANALOG 1/0 \
Ventilator
PC-Link \\A /

Compressed ————»

air
Mains supply for

external pump

) h +—
Main switch Exhaust gas

IP1-2009




Results of some test measurements at  p,,, = 10 mbar — lenght of sample line  2m

sample line
ID=4mm
Length 2 -25 m

gas injection
with Ar at
15 to 20 mbar Start point of injection of

Ar for 1 min

Practically no delay for \
signal response.

Within some seconds
the maximum intensity
is reached. Tgp< 6 S

- )
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Results of some test measurements at  p,,, = 10 mbar — lenght of sample line 25 m

sample line
ID=4mm
Length 2 -25 m

gas injection
with Ar at

15 to 20 mbar Start point of injection of
Ar for 1 min

Delay for signal response \
around 2 min.

It takes around 20 sec to reach
the maximum intensity of Ar
concentration.

- /

IP1-2009
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Results:
Monitoring of a drying process under atmospheric pr essure with N , purge gas

Sampling of substance for
off-line analysis

e

|

the paddels

up and down movement of J
Conclusions:

every change in the operating
conditions were to be seen in
measured values

Increasing substance
temperature (39C  46C)

Increasing rotation speed ] latest at 12:45 the drying
process was completed

the first 2 samples taken for
off-line analysis can be avoided

IP1-2009
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On-line gas analysis of solvent concentration in the v

i-Prop

acuum suction line of a blade dryer

On-line gas analysis of nitrogen,
water, and isopropanol

compared

with off-line lab analysis of five

samples during the end phase of

the drying process in a vacuum

blade dryer

Advantages of online method:
exact end point detection

time and energy savings

no manual sample taking for
off-line lab analysis

faster detection of
malfunctions (e.g. leakage)

on-line method can be used
for development and
optimisation of new drying
processes

IP1-2009
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On-line monitoring in an ethylene oxide plant

On'“ne measurement Of: Ex-proved version of a Process Mass Spectrometer for t he Chemical Industry

# Ethylene production

- CH, # Ethylene oxide production

- C,H,

- CyHg

-CH.0 GAM 300 - ATEX
- 2

- Ar

-N,

-0,

- H,O

at 5 process gas sampling points

# process mass spectrometer for use in areas with
the risk of explosion (zone 1 and 2)

# according to ATEX guidelines (Directive 94/9/EC)
# type of protection: overpressure encapsulation

# compressed air as protection gas for lower operat ing costs

# built-in PC with panel mounted touch screen fore  asy on-site @ I (Z)G [E Ex p] IIB T4
monitoring, inspection and diagnosis

IP1-2009
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Sequencially measurements of 5 gas sampling points in an ethylene oxide plant

IP1-2009
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