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The Outgassing Characteristics and Dual-mechanism Kinetic Model of
304 Stainless Steel in a Variable-temperature Vacuum Environment
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Abstract The outgassing rate of stainless steel is a critical parameter in the design of high vacuum systems,
as it directly affects the ultimate pressure and pump-down time of the system. To characterize the dynamic
outgassing behavior of materials at different baking temperatures, this study investigated the variable-temperature
outgassing characteristics of 304 stainless steel within the range of 27°C to 250 °C using a high-vacuum outgassing
rate testing platform based on the dynamic flow method. The area-specific outgassing rate of the 304 stainless steel
samples was calculated by real-time monitoring of the pressure difference between the sample chamber and the
pump chamber through an orifice with fixed conductance, followed by subtraction of the background outgassing rate
measured under the same temperature and pump-down time conditions. The results show that, at room temperature
and in the high-temperature region (=200°C), the single Fick diffusion model can reasonably describe the decay
behavior of the outgassing rate, with fitting correlation coefficients R*=>0.87. However, in the transition temperature
region of 150°C, the fitting accuracy of the single model decreases significantly, suggesting that the outgassing
process in this region may involve a mixed mechanism associated with surface desorption and bulk diffusion. To
further describe the outgassing behavior in this temperature region, a dual-mechanism superposition model
incorporating a surface desorption exponential decay term and a bulk diffusion power-law term was introduced and
verified by fitting the outgassing curves at different temperatures. The results show that this model achieves high
fitting correlation coefficients at all tested temperatures, with the most significant improvement observed at 150°C,
where R’ increases from 0.78 to 0.98. The results provide experimental data and model references for evaluating the
outgassing rate of 304 stainless steel vacuum vessels under different temperature conditions and for designing high
vacuum systems.
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Fig. 1 Schematic diagram of the material degassing experimen-
tal device (G1 - high-precision vacuum gauge; G2, G4 -
compound vacuum gauge; G3 - quadrupole mass spec-
trometer; C1 - flow-limiting orifice; W1 - microvalve;

V1~V4 - high vacuum valves; V5 - low vacuum valve)
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Tab. 1 Comparison of background outgassing rate and total outgassing rate with samples at different temperatures and pump-down
times
N ‘ EUARHGERQ,  GRMBHCUERO. IR AR U
R/ C it ) /h (Pa T e 01/ Qy
(Pa-m’/s) /(Pa-m’/s) /(Pa-m’/(s-cm”))

27 2 3.98x107 6.47x107 1.56x107"° 1.63
27 5 1.71x107 2.47x107 4.75x10 " 1.44
100 2 4.01x107 7.24x107 2.02x107"° 1.81
100 5 2.66x107 3.80x107 7.01x10™" 1.43
150 2 8.26x107 1.21x10°° 2.40x107"° 1.46
150 5 5.93x107 7.90x107 1.23x107"° 1.33
200 2 1.14x10° 3.23x10 1.30x10” 2.83
200 5 6.97x10" 1.68x10°° 6.12x107"° 2.41
250 2 1.30x10°° 3.93x10° 1.65x10”° 3.02
250 5 8.19x107 2.02x10°° 7.49x107"° 2.46
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Fig. 4 Fitting results of the outgassing rate data using the diffusion model at different temperatures. (2)27°C, (b)100°C, (c)150°C,
(d)200°C, (€)250°C.
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Tab.3 Values of a and b at different temperatures and the corresponding fitting correlation coefficients

AR/ C 27°C 100°C 150°C 200°C 250°C
a 4.36x10" 4.14x10" 6.04x10"° 2.24x10” 2.80x10”
b 0.44 0.32 0.30 0.23 0.23
R 0.96 0.93 0.78 0.94 0.87
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Fig. 5 Fitting curves of the dual-mechanism superposition model at different temperatures. (2)27C, (b)100°C, (¢)150°C, (d)200°C,

(€)250°C
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Tab.4 Values of A, B, C and t0 at different temperatures and the corresponding fitting correlation coefficients

AR/ C 27°C 100°C 150°C 200°C 250°C
A 2.80x10"° 4.93x10" 1.56x10” 1.17x10”° 3.64x10”
B 7.10x107" 3.82x107" 3.20x107"° 1.13x107° 2.70x10”
C 1.79 1.69 0.64 227 1.43
f -0.72 51.9 133 -0.12 12.4
R 0.98 0.99 0.98 0.99 0.99
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