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Motivation

Liqguid helium is used in cryogenic laboratories worldwide. In recent
years there has been an increase in equipment failures due to hydrogen
blockages.

To achieve temperatures below the saturation temperature of 4.2 K, the pres-
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lems have been occur-
ring for several years
now. Hydrogen precipi-
tates in solid form dur-
ing the helium evapora-
tion and accumulates at

the throttle location. - N
Hydrogen separates from the two phase helium

flow and accumulates as a solid phase on the in-
ner walls. This creates a solid, clogging block.
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Many problem reports from Germany

and Europe. ®
D
First reports came up in 2005. e
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Blockages arising typically within a few hours o ©

of operation.

Reports also exists from Asia.

Plausibility of hydrogen as cause

There are various indications that hydrogen is the reason for the block-
age problem:

A Dblockage can be eliminated by warming up the affected location
to 20 ... 30 K (triple point of hydrogen: 14 K)

An increased amount of hydrogen was measured spectrometrically at the
moment of dissolution of a blockade.
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A simple calculation demonstrates that even small quantities of hydro-
gen can be sufficient to cause a blockage:
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The left scheme shows a simple model of the blockade build up. In the capil-

lary through which the helium flow
freeze out and form a cylindrical so

nasses, all hydrogen contamination will
id block. The diagram gives the results

based on this simple calculation moco

el. The curves show the duration of the

blockade build up, based on different measurement values. Even if not all of
the hydrogen participates in the blockade, the contents are more than suffi-
cient.

System Helium/Hydrogen

For understanding the helium/hydrogen phenomena a
macroscopic visualization model was developed:
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According to the model, the reservoir is divided in different temperature
ranges in which the hydrogen behaves differently. The liquid helium contains
both dissolved and crystalline hydrogen. Measurements were carried out at
different positions within a helium dewar. Gas chromatography was used for
this purpose. These values provide the range of contamination quantities.

Probably, dissolved and crystalline hydrogen can coexist in liquid helium
and are extremely hard to distinguish. A calculation of the solubility lim-
it is a first step in estimating the proportions. The Regular Solution The-
ory (RST) is used:
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The calculation results in 26 ppb at 4.2 K. In the literature can be found the
application of the RST by Jewell and McClintock from 1979, which is presented
for comparison. The binary adjustment parameter |12 must be set in the range
from -0.1 to -0.2. Experience has shown that such values for |12 are one order
of magnitude too high. This could be an indication that beside the dissolved
hydrogen, crystalline hydrogen can exist in liquid helium.




