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Abstract  [Background] Inductively coupled plasma mass spectrometer (ICP-MS) is an important technique for
elemental and isotope ratio analysis. Among them, time-of-flight mass spectrometer (TOF-MS) has been widely used
in the field of organic molecule and biomedical detection due to its simple principle, high sensitivity, wide detection
quality range, and ability to obtain a full range of mass information at one time. [Purpose] This study aims to design

and simulate the physical integration of an inductively coupled plasma-time-of-flight mass spectrometer (ICP-TOF-
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MS) so as to meet the quality analysis requirements of uranium and transuranic elements during the operation of
Thorium-based Molten Salt Reactors (TMSR). [Methods] A physical model was developed in accordance with the
structural principles. lon optical simulation software SIMION was employed to simulate the configurations of the ion
transport system, including the differential cone, deflection lens, collision cell, direct current quadrupoles (DCQ), and
single lens. The rationality of these designs was validated through simulation results. The optimal collision pressure
for the collision cell was determined by systematically varying the pressure. Additionally, the TOF design parameters
were calculated, and simulations were conducted to optimize the voltage settings, thereby enhancing the resolution.
[Results] Simulation results show that the optimal guide cone voltage for the differential cone system is determined
to be —30 V. The optimal deflection voltage combination for the designed deflection lens system is identified as
=56 V and -530 V. The optimal collision pressure within the collision cell is 1.6 Pa. The DCQ coupled with the
single-lens system can introduce ions into the TOF acceleration field with an initial kinetic energy of approximately
4 eV in a near-horizontal state. When the pulse field voltage is set to £200 V, the accelerating voltage is —1 600 V, the
first-stage reflection voltage is 48 V, and the second-stage reflection voltage is 680 V, the mass resolution (M/AM) of
the TOF-MS exceeds 4 000. [Conclusions] The results of this study provide an important theoretical reference for the

subsequent processing, manufacturing, construction and commissioning.
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Table 1 Ion initial conditions setting

RN By

Z#] Parameters /A Value
¥ihazhae 3.87

Initial kinetic energy / eV

L IA HRIUHE S 3.5 mm

Initial position 3.5 mm after intercepting the

cone

B NG 242 Radius of 0.5

incidence of ions / mm

BTN A —15°~15°BHHL 5> Fii

Ion angle of incidence —15°~15° random distribution
275Uk Mass 200 u

$7F 4 Number of particles 600

i faf i Charge le

0GR TR AL (1 u=1.660 54x10™ kg) , “e” N
BT i (1e=1.602 18%10™° C)

Note: "u" is a unified atomic mass unit (1 u=1.660 54x
1077 kg), "e" is the unit charge (1e=1.602 18x10™° C)
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Fig.2 (a) Flight trajectories of neutral particles (black) with
two sets of deflection voltages supplied, (b) Flight trajectories
of positive ions (green) with two sets of deflection voltages
supplied (color online)
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Table 2 The influence of the voltage applied by the guide
cone on the movement of the ions

Rk @TARWES ETdEdER Wi
Voltage HEE 1% Ion pass rate  Ionic kinetic

/V Ion beam flies out /% energy / eV
of the guide cone
diameter / mm
0 13.70 21 3.87
-10 9.09 47 7.26
=20 7.59 83 10.97
=30 6.09 97 14.15
-40 5.14 100 17.39
=50 4.27 100 20.61
-60 3.96 100 24.74
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Fig.3 Effect of deflection voltage on ion fly-out angle
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Fig.4 Effect of collision cell pressure on ionic kinetic energy
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Table 3 Single-reflection time-of-flight mass spectrometry simulation parameters

24 Parameters 1 Value 24 Parameters 1 Value
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H#E/FIIX d, Pulse region / mm 5.0 WA 1 Gridl / V 0

T X d, Accelerate region / mm 45 MR 2 Grid2 / V -200

Jo3m kAT X d, No field flight region / mm 347 MW 3 Grid3 / vV -1 600

— 2 X d; Primary reflection zone /mm 132 M 4 Gridd / V -1 600
T2 HHIX d, Secondary reflection zone / mm 155 M S Grids / V 48

N H$4% Entrance slits / mm 1.0x1.0 i Backplate / V 680

Bl Shield / V 0 PR Detectors / V -1 600
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