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3.3 Baking
Early workers baked systems only to about 200C which was effective in removing weakly bound
surface water and hydrocarbon molecules. It was not long before it was discovered that baking to
higher temperatures was required to remove more tightly bound species and the hydrogen diffusing
from the bulk, both of which had the effect of limiting the ultimate system vacuum. The effectiveness
of high temperature bakes is amply demonstrated for example by Calder and Lewin (1967), who
showed that outgassing could be reduced to about E-16 mbar l/s cm2 by baking for 11 days at 300C
or 1 hr only at 635C. Barton and Govier (1968), showed that baking new 18/18/1 stainless steel
components at 450C in vacuo, with the exception of traces of hydrogen, successfully removes all
gases resulting from the previous history . Interestingly these workers found that gas adsorbed at the
surface of stainless steel on re-exposure to atmosphere could be remove by baking at this
temperature for 2 to 3 hrs. If pressures only of the order of E-9 mbar were required then sufficient gas
could be removed by a 12 hr bake at 200 to 300C; for some applications it is thus worthwhile to use a
separate vacuum oven for baking new components at 450C thus avoiding the need for the main
system to withstand high temperatures.
Santeler (1991), quotes early work by Aero Vac Corporation which gives valuable data on the effect of
baking to different temperatures which is reproduced here below:
Outgassing rates in Torr l/s cm2

BAKING TIME

BAKING TEMP 20 hrs 40 hrs 100 hrs 200hrs
150C 6.3E-11 5.3E-11 2.8E-11 2.0E-11
250C 6.3E-12 5.3E-12 2.8E-12 2.0E-12
400C 4.0E-13 1.7E-13 1.0E-13 1.0E-13
500C 8.0E-15 8.0E-16 4.0E-17 8.0E-19

The data above bring home clearly the benefits of high baking temperatures and the diminishing
returns from increasing baking time much beyond 20 hrs for baking temperatures up to 400C; at
500C the table shows that it is worthwhile to bake for as long as 200 hrs although one might
legitimately question the unusually low value of 8.0E-19 torr l/s cm2 that is quoted. Recent work
(Ishikawa, 1995; Ishikawa et al 1991; and Ishikawa and Odaka1990), confirms the values above for
lower temperatures but indicates that surface treatments and raw material quality can improve these
figures substantially, (section 3.2 above).
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