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. ,‘ , Due to the large energy release dunng recombination’ the flux of hydrogen lsotopes ﬁom ‘

a' dtssocrator can bc determmed calonmetncally “For example hydrogen atoms recombme to ;

e molecules under an energy release of 448 eVlmolecule Thls energy is essenttally lugher than' e

both thetr kmettc encrgy of about 25 meV/molecule (for 100 K) and therr subhmatton energy of Fo

' ‘about 10 meV/lnolecule

'«,‘_J'}f"‘

In our apparatus [see F' ig. l] the' hydrogen gas recombmes at a hqutd-heltum cooled .

jhydrogen (H,) freezes out at the surface. Thus’ by cryopumpmg ‘the hydrogen vapor pressure is:

',‘T.,!«|~

o »;;frecombmauon energy is determtned by measunng ‘the increase of the He evaporatton rate from -

‘ L the hehum bath dunng the operauon of the dtssocxator Without tnserted cryostat the ;

h"backgmund’ evaporauon rate of the used He dewar i is about 1 l/mtn conespondmg to a heat . s

: ’,‘he He Tevel'i in the dewar. We' cxpect ‘an additional heat mput P,, caused by recombmauon of H

E, E ‘bm'

| ¥ i E=°,|/(2 ¢ln) . i N : " RSN SN B " Y f..,\.’,4 3 ‘»[2], /
£ Here E,, 4.48 eV/molecule is the spectﬁc recombination energy. £ is the efﬁcrency of the

: ,"v'\*dtssomauonandthemsportofatrxns tothecryosurface,%lstheﬂzﬂowmtothedtssoctator ; .

and @y is the atom flow to the cryosurface. E.g. for @y = 1- lo",n,/s Eq. [1] yields P., =¢-712

ltiblil..rr lmull BhET
D AASERE crsanemmij

{  BUBIHOTEKA

- "",‘copper surface “After’ losmg its reeombmatlon energy in’ muluple wall collmons molecular ;,( S

‘kept at a ‘level that wtll not htnder the flow of atoms to the cryogemc surfaee The released e

fmput of about 621nW thh mstalled cryostat tlus value mcreases % 73 92 mw dependmg on =

. - P . T Lo v - A\ A -‘.’,‘l-,"gx\' .



mW. Thus we expect chnnges of the He evaporation from the dewar in the range of the -

’background evaporation rate for &, > 10" H/s S e

: 'l‘he ,sc,hem,atvi_c diagmm of the _apparatusvis given in Fig.1. It is especially designetl to-

determme the efﬁctency of a dtssocxator separately, - i.c. befote 1ts .employment. in: other ‘

N -

expenments 'I'he drssocxator is mstalled at the top of the cryostat. For our measurements we havc‘ 2
, used two drfferent dissociators. The 2.45 GHz mta'owave dissociator and the. molecular hydrogen O

- feed system are descnbed in more detail in /1/. Molecular, hydrogcn is supphed from a cahbrated’ e

o storage volume rnto the drscharge tube by an electmmagneuc valve, Thc ﬂow into the dlssocmtor‘ii

e

k demgned after the construcuon used by Luppov et al. /2/ It works at a frequency of 33MHz. The ‘

REA

genexator ts about 300 W

I TR ?n BT

= To stabthze the teflon tube mechamcally and to prevent thermal contact with the cryostat at lowf' TR
o 'temperatures the teﬂon tube was inserted into a glass tube. This tube has only one thexmal '
.. contact to the cryostat at a point, where the wall temperature is about 100 K. In thrs way m all

expenments the temperature of the teflon tube was kept at a temperature hrgher than 95 Kas . ‘1

f coﬂ ts mducnvely coupleq!to. the generator.. The: maximum rf power output of the:used_\s;k:

with ¢

’ ‘Here N, is the average number of wall collisions of hydrogen 'atbm‘s‘inj the tubeThe eﬂv'i‘t‘:iency‘ j J' B

i of‘the"diSSociator € is given'b)‘}?‘»'

. For @, = 1-10" H/s akmaximum density of 2 - 10" H/em® at the upper end of the teflon

tube is estimated. At this density the mean free path of the H atoms is,la;gér" than the tube "

~ diameter. Under these conditions the transport of the gas can be described using a Knundsen flow
" model /3/. This model also enables to estimate the recombination losses in the teflon tube. H

" atoms may recombine in the transport tube due to volume recombination, first- and second-order

surface recombination. At the abové-mentioned denslty volume rect)mbination and second-order

e surface recombination can be neglected. The ﬁrst—order recombmauon ‘probability pcr wall A

colltston 1s Y=2" 10 for témperatures higher than ltqutd-mtrogen temperature “The rauo a of o

‘ the hydrogen ﬂow out of the tubc to the hydrogen flow into the tube can be calculated by

ez, /(D —[cosh(2 'y N‘_)"Z]l T Lo S [3]
N,=3-B/8.2. " . g ji;-;»[4] ‘;

poa LS ans T

g =e/a.

" In our case'N, = 1.2:10* is calciilated by Eq. [4]: Using Eq. [3] o = 0.8 is eStimated. Therefore, .
| & is about a factor of 1.25° highier than ‘the efﬁmencysdewﬂn‘lm‘«dby recombmatlonheaung
: 'But it should be _menﬁonéd;‘tha}: the teal losses dué to ireéomblnation‘of' hydrogenmtheteﬂon i

) . ' Ll ) .o BT S L I SR, L L O T A SRR b ‘l i,‘}-.';-f'"
i transport tube”'éan be higher than estimated, because the teflon surface can be’ deteriorated e. g

......
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L2 mm larger than the diameter of the teflon tube so that the teflon tube fits in wrthout thennal : '

with

¢

. ‘measurements, e.g. for optimization of the working parameters of the dissociator.

_-The copper pot at the bottom of the cryostat has a inner surface of A=~ 100 cm? and is

cooled by. theHe bath. The pressure of the hydrogen gas in this copper pot, p, is given by LT

D= P e e R

AP =(T/300K)™ * @y /(Sy-A). . m

) Here, pw*.is the background pressure con'esponding to the equilibrium vapor pressure of frozen

Hz, Ap is the pressure mcrease due to the H flow, T is the temperature of the cryosurface and Sy

s the pumpmg speed for atomic hydrogen. For T = 4 2 K the background pnessure 1s 1-10° Torr
'/4/. For an incoming hydrogen flux Oy = 110" H/s a pressure increase of ap =8.2:10° Torr is g
calculated by Eq. ’[7] using Sy = 4.2:10% * exp [(3 - T/K) / 1.12] atoms/(Torrs<m?) /2/. Thus, .

by Eq. [6] the total pressure in the copper pot is estimated to be p < 9. 2-10‘6 Torr. This value is ;

at least a factor of thousand lower. than the pressure at the upper. end of the teﬂon tubev

Consequently the pressure at the bottom of the cryostat does not hinder the H transpon from the 7

drssocrator to the cryosurface

i

In order to collect most of the recombrnatron ‘energy in the ‘copper pot, rt was closed at "

, the top by an annular drsc [see Frg 1]. The inner diameter of the openmg of the disc was about :

contact, For the above calculated pressure of 9 2- 10‘ Torr the leakage of H atoms fmm the'

copper pot mto the cryostat through the gap | between the teflon tube and the annular disc is .|
estunated to be 5-10' H/s, r.e. 5% of the_rncoming flux. .

.+, Before sctting the cryostat into the He bath the cryostat was pumped out. The time tocool |

e s e e
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idisains

- measuremcnt upto a ﬂux of 110" Hys.

i of recombrnatlon energy released at the cryosurface

- down our cryostat is about four hours. After this time the evaporation rate reaches equilibrium.
Since the 'background’ evaporation rate depends on - the He level in the dewar it has to be',’ :
'determrned between each measurement. After switching the drssocrator on or off it was necessary

» _to wait: about 15 mlnutes for setting of equilibrium. The change of the evaporauon rate durlng

operatlng the dissociator was measured with an uncertainty of about 0.04 I/min conespondrng o~

T aH ‘flow’ of 1-10'° H/s. In order to measure the heat input caused by thermalization ;?.hd '
» sublimation' of the H, gas we also condensed H, into the copper pot without operating the

fdrssocrator We found that this heat lnput is less than the: above mentioned uncertarnty of our- L

'l‘he amount_of evaporated helium was measured by a_calibrated gas flow meter.: :

S : Furtherxnore, we measured the dependence of the He evaporation rate on the amount of electrical :

& heating power supplied toa heater mounted at the bottom of the copper recomblnauon poz The : -
;Lresult of this measurement is shown in Fig.3. We observed that the gas, meter measures only i
\abou‘t_ half of the evaporanon rate one would expect by calcu‘latronb from the knqwn elecmcal he?g .

: inplll [long’.dashed line in Fig.3]. Probably, this effect is caused by a decrease of the s

» ’background’ evaporauon rate, since forced evaporatlon of hellum increases the gas coolmg of_i:: e
' ‘the dewar and the cryostat tube Thus, with 1ncreasrng electncal heat 1nput the ’background’;; 5

o evaporatron rate decreases till it 1s completely compensated by gas cooling. Then for a heat lnput o

: higher than 200 mW the evaporanon rate w1ll follow the short-dashed lme in Flg 3 Thxs lme‘ ‘

shows the calculated result for a cryostat, w1th zero ’background' evaporanon The sohd hne i, =)

Flg 3 represents a fit of the measured values and was used asa cahbration curve for the amount S

D




III RESULTS

Flg 4 shows the results for the 2.45 GHz microwave dissociator with an 1 mm dia, onﬁce o

cat the exit /1/. This d1ssoc1ator is working in a pulsed regime. Synchronously with the start of .

“the gas pulse (typical duration of the valve pulse: 0.5..3 ms) into the dissociator the microwave

'power with a 40 W peak power is switched on. The microwave pulse duration is- ‘100 ms,

; matched to the characteristic time of the hydrogen outflow from the dissociator /1/. The repetition B

’ rate is 7 Hz. The measured H, flow into the dissociator, the H flow into the copper pot and the
efficiency € are given in dependence on the pressure py, in the storage volume. As can be seen -
U in Fig'4‘ the ﬂux of hydrogen molecules into the dissociator and, consequently, the gas density

, ,mslde the dxssocmtor can be -controlled over a w1de range by the pressure py,. The ‘measured

i dlssocxauon efficlency € shows a maximum of 40% at the pressure pm ~ 7 Torr. This result is

understandable 1f we consider dtssoc1auon as cham reaction sumlar 1mpact 1omz.auon At low X

: densmes the pnobabrhty, that an accelerated ion w1ll hit'a hydrogen moleculc, is too small to '

: achleve an essennal dxssoc1auon effect. ‘At densities higher than the optlmal one the mean free
: path becomes to smallto accelcrate ions to energles higher than the dissociation’ energy of
: hydrogen molecules and the dlssocmuon process wxll be chockcd First, the obtamed H ﬂow from »
the dxssocrator increases with i mcreasmg pressure Than it saturates ata value of about 2-10"7 H/s
: The saturation ‘occurs at higher ptessures (in our case at about 15 Torm), when a further mcrease
of the H flow is compensated by the decrease in dxssocmuon efficlency Slnce for a glven
,feedrate of molecular hydrogen the gas densrty in the dissociator is determmed by the ﬂow
. unpedance of the onﬁce, it should be posslble to move the maximum in € to a hlghcr feed rate

, of molecular hydrogen by increasing the diameter of the onﬁce This would cause an mcrease
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of the‘ saturation value of the achieved H flux from the dissociator. "

~ Results for the rf dissociator are shown in Fig.5 and Fig.6. The molecular hydrogen 1s ‘.

* supplied into the'discharge tube in the same way as described for the microwave dissoCiator. »"I'he L

| repetition rate of the electromagnetic inlet valve was varied between 7 and 10 Hz. The"rf field

[

is supplled continuously with an outcoming electrical power of about 200 W from the generator.
 Fig5 shows the results for a 2 mm dia. orifice. In this case we observed a maximum H flow of e

V 34-10” H/s and-a maximum efficiency of 54% at a pressure of about 3 Torr. In Fig.6 the results -

for a larger, 3 mm dia. orifice are shown Moreover, in this experiment the H; fecdrate mto the

dJssoc1ator for a certain pressure in the H, storage volume was reduced approxrmately by a factor ;

. - of two. Both effects cause a shift of the maximum in the dxssocrauon efﬁcxcncy to hlgher‘

pressures as shown in Fig.6. Under these condmons a maximum dJssoc1auon efﬁcrency of 75

has been achieved. Furthermore, a maximum H ﬂow of 5 10" H/s has been measured, 20% - “ :

- higher than for the dissociator w1th the 2 mm dia. onﬁce

‘ ’ : ) }

IVSUMMARY : L R ey
An apparatus to measure the dlssoc1auon efficrcncy of a hydrogen dxssoc1ator :

N calonmetncally has been built and tested. Due to the uncenamues in the determmatxon of:

(l) recombmauon losses during transport of the dlssoclated gas to the cryosurface ‘and (2) the
fractxon of recombination energy collected in the recombmauon pot, the method only allows to N
vmeasure a lower 11m1t of the efficiency. Nevenhele,ss,lthe descnbed method is especlally smtable o

for relative measurements, e.g. for optimizing the'_working regime of a dissociator separately.

Two dissociators were tested with measured maximum dissociation efficiencies from 40% to

75:%. Maximum atom fluxes between 2-10" H/s and 5:10""}1/5 have been achieved.
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: Flg 4. Results for the microwave dlssoc1ator The feedrate Dy, of molecular hydrogen mto the

dissociator (a , solid lme) the flux d>,, of dlssoc1ated hydrogen atoms mto the cryostat (O
' long-dashed lme) and the d1ssoc1atxon efﬁmency € (El shon-dashed lme) in dependence

on the pressure sz in the storage volume.
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... Fig.5. Results for the rf dissociator with a 2 mm dia. orifice: same symbols as in Fig.4.
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