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Design and Test for On-Line Rapid Process Mass Spectrometer
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Abstract: The on-line monitoring technology of the processing products and emissions in
the process industry is focused on the accurate and continuous detection of the target
components. In this paper, the on-line rapid process mass spectrometer was applied to
the real-time monitoring and the tracking of the reaction components based on the analy-
sis of its characteristics. It could provide the on-line analysis data with distortion-free
for the study of reaction kinetics. Compared with the traditional process mass spectrom-
eter with logarithmic amplification technology, the on-line rapid process mass spectrom-

eter had the characteristics of high speed even under high gain conditions due to the
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high-gain composite transconductance linear amplification technology. In addition, com-
bined with the 16-bit high-speed AD converter, this instrument could achieve faster
scanning speed and higher data output frequency, which could accurately capture the
rapid reaction product information (such as pyrolysis) including the in-progress gas
changing with time, and then reached the precise analysis and quantization of reaction
characteristic. The key technical indicators, such as mass resolution, sensitivity, mass
stability and long-term stability of the instrument were tested in detail. The practical
application of the monitoring and control of coal pyrolysis reaction process were also
carried out. The results showed that the instrument reached the basic indicators of the
market mainstream mass spectrometer. However, it was found that the detection
response of hydrogen was low in the high-speed scan mode. At the same time, the linear
amplification technology also brought the problem of narrower dynamic range. These
problems will be the authors’ next research direction.
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Fig. 1 Structure diagram of mass spectrometer
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Fig. 2 Electronic control system diagram of rapid process mass spectrometer
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Fig. 3 Schematic diagram of weak current amplifier circuit
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Fig. 4 Schematic diagram

of quadrupole mass analyzer

TS B R R s T 5. &R B T R 0k
5 (FWHM) DL K& 10% g & kb vy % 58 8
(N\/Ilo%m% .,)ﬁﬂ?%loﬁfﬂ,FWHMi&j/J\?O 5u,



g4 B A A s — A R PR e AR TS R T 3 403
mi 28 a sl 1416 28 32 b
X X
3 80F g 4F
5 5
5 60r g 3t
< s
2 a0b 2,
g g 18
& 32 &
20r 1 Ir 29J 40
. ['f1s &9 40 0 Ulfl20 | aa
T T T T T T T T T T T T T T
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50

mlz

mlz

W ARE b R R E
5 RENPFMRER

Fig. 5 Results of mass resolution

FE 50 u I Bl P S AR 1 0 43 BROL T BA 067 T
OB, WA AR AL R WEm/ 2 29 F B 2
m/z 28 F PN 0. 73% .36 [F NIST Jii ik e 46 &
A MS Search 2. 0 H g /R H Bl 0.7 %6, —
HEA -3

x1 RESPENREHE

Table 1 Data of mass resolution

=2 My v
No. Ml-‘mgmcm ion/ U

AMs0 5w 5 AMio%us 5

AM:50% peak height /0 AM10% peak height /U

1 14 0. 47 0.75
2 16 0. 45 0.78
3 17 0. 41 0.6
4 18 0. 43 0.7
5 20 0. 39 0.62
6 28 0. 37 0.67
7 29 0. 38 0.56
8 32 0. 35 0. 64
9 40 0.32 0.61
10 44 0.32 0.57
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Fig. 6 Sensitivity of mass spectrometer
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Table 2 Test results of mass axis stability

Fe B KL IR /ME R KAl P s T Al 22 AR X o 1 Al 22 24 h FTETREME
No. Mass/u Min/u Max/u Average/u SD RSD/ % Mass stability/u
1 14 13. 95 14.05 14. 03 0.025 0.18 +0.05
2 18 17.93 18.08 18. 04 0.022 0.12 +0.08
3 28 28.01 28.06 28.05 0.015 0. 05 +0.06
4 32 31.99 32.09 32.09 0. 005 0.02 +0.09
5 40 39.95 40. 10 40. 04 0.021 0. 05 +0.1
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Fig.7 Test results of long time stability
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Fig. 8 Pyrolysis curve of Xinjiang subbituminous coal

at 800 C by conventional process mass spectrometer
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at 800 C by rapid process mass spectrometer
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