QQZ'.f - <« -3th Symposium on Englaeering Problams of Fuéion'Researcﬁw San Frapeisco, alifornia,- November 13-13, 573

BNL-26880
CRYOSORPTION PUMPING OF He BY CHARCOAL AND a JOMPOUND CRYOPUMP DESIGH FOR TSTA*®

H.C. Hseuh, T.S. Chou, H.A. Worwetz am.i H.J. Halama QBDV l_(ﬂ l \ Dg\d - /-{ !

Brookhaven National Laboratory
thOﬂ, New York

Summary

This paper presentcs the studies of cryosorption’
pumping of Ha by charcoal ac 4.2°K and between 10 ard
209%, We conclude that coconut charcoal ac 4.2°K is
suitable for evacuacing He from fusion reactors. A
compound zryopump desigm, which utilizes cryoconden-
sation for hydrogen isotopes and cryosorption for
helium is also presented.
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I, Introduction

In fusion reactors, raeliable high-speed vacuum (a)
pump system will be required to evacuate the reactor . ' CHARCOAL PANEL
chamber during and between burns. The plasma exhaust { 2NO STAGE COOLING)
gases are expected to be largely mixtures of hydrogen
and helium isotopes which can be pumped by cryopumping. CHEVRON
The advantage of cryopumping lies in its ability to { ISTSTAGE COOLING)

achieve very high pumping speeds at low equilibrium
oressure and to confine the pumped species onto czyo-
surface. The hydrogen isotopes can be pumped effi-
ciantly by either cryoccondensation or cryosorption at
liquid helium temperature. Helium, however, can only

be pumped by cryosorption at low temperature. The two
zost commonly used adsorbents for cryosorption of helium
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are activated charcoal and molecular sieves. Cryo- CHARCOAL PANEL min He VENTING

sorption pumping of helium on charcoal has been reported

in previous publicatioms,l,2 however, neither the extent LN COOLED AR «

por the characteristics of these studies has covered CHEVRON ﬁ LHe RESERVOIR £

the needs for fusion devices. (80°K) YA '§
: He VAPOR COOLED—7\ 2

) This investigation was initiaced to study che CHEVRON (20°K) —aa i | {b)
cryosorption benavior of helium on activated charcoal f::::::::;
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at low temperature under conditions similar to those
anticipated on future fusion devices. We have obtained
the following information during the course of this

roduct, process, or service by trade name, trademark, manufacturer, or otherwiss, does
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study: (a) The sorption capacity of He between L0 and ?ig. L. .Experimen:al Setup (a). Vacuug System 5
209¥ and at 4.20K. (b) The pumping speeds of He at with Refrigerator; (b). 4.29X Cryosorption.Pump. ga
different surface coverage at the same temperature . . . %
“ranges. (c) The esquilibrium pressures at different deélréd gas flow races-were obtained by using Gramville- 5
surface coverages at these temperatures. (d) The be- Phillips servodriven bleed valves V] or V1’ and moni- e
havior of He cryosorption pumping in the presence of toring pressures Py or P1’ with Schulz-Phelsps type
various amounts of hydrogen isotopes. (e) Regeneration gauges Gy or GL’. The partlal pressure of zases ia
characteristics from charcoal at higher tamperatures. equalibriumwith cryosorption surface was decermined dy
. measured total pressure Py at Bayard-Alpert gague Gy
Based on the information obrtained on cryosorption and by analyxzing.mass spec;rum ac MS. The gas flow
of He on charcoal in this sctudy and on cryocondensation rate Q (in Iotr-xxter/sgc) A8 calculéced‘from Q= .
of hydrogen isotopes on polished surface at 4,29K,3-5 C(Py - Pp) and the pumping speed S (in liter/sec) from
the design of a compound cryopump is presented which § = Q/P;.
utilizes cryosorption for helium and cryocondensation . : .
of hydrogen isotopes. This pump is under fabricationm When Air Product Refrigerator, which has a zero
and will be delivered to Tritium System Test Assembly heac-load 2nd scage temperature L0OK.was used, a black
(TSTA) at Los Alamos Scilentific Laboratory for testing. chevron baffle was attached to lst stage conling pamel
) (=~ 709K) to cool down the incoming gas and to supply
[I. Experimental Setu radiation shielding. This 6" diameter baffle has a
22e ZEPELIEental oefUp . conductance of 1500 ¢/s for He. Charcoal was epoxy
The system used in this study is shown schemati- bonded to a copper plate before being attached to the
cally in Fig. 1. An Air Product Displex Refrigerator 2nd stage cold finger. Ca%ibrated silicone diode cype
(Fig. 1(a)) was used to cool down the cryosorption panel sensors whigh have uncertainty less thaa 0.1°K were
to desired temperature between 10 and 20°%, while a used to monitor the temperatures at both chevron and
modified LHe cooled Excalibur lryooump (Fig. l(b)) was charcoal plate. The modified Excalibur CFyopump .
used for measurements at 4.2°K., The cryosorption sur=- (Fig. 1(b)) has two chevron baffles, one is cooled by
face sits inside the main vacuum chamber which was LN2, th? other by cold He vapor (~ 209K) from LHe
initially pumped out by turbomolecular pump TP. The . reservoir. These two baffles together give a conductance
main chamber is separated from the gas inlet chambers of ~ 1500 2/sec for.ﬁe. 'Charcoal was epoxy-bonded on
by calibrated orifices ) and C1”. These orifices have the chevron“SLde °§ the “H? reservoir and its temper-
conductances of 7 4/s for He and 10 2/s for H2. The ature was also monitored with silicone diode type
sensor.
Work‘oerfcrmed under the auspices of the U.S5, Depart- Although most neasurements were done with epoxy=
ment of Energy F o ¥ bonded coconut charcoal, a tia-silver alloy (3.3% Ag)
: Znergy.
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which has an eutectic ooint 221°C has been .successfully

tested as bonding material. Charcoal was mechanically
smbedded in melted alloy wnich was in turn manufactured
into ~1/8" thick place. Mecalized bonding has several
advantages over epoxy bonding: (a) better thermal
conductivity, (b) less temperature gradient,
resistance to neutron radiation damage under fusion
zavironment, and (d) nonblocking of che porous path on
the surface of charcoal.

III. MEASUREMENTS AND RESULTS

Prior to each measurement, che entire systaem was
paked out to ~ l00°C for several hours and evacuated
simultaneously by turbomolecular pump TP (Fig. l(a)).
The valve V3 was closed after the residual pressure
dropped below 1 x 1076 Torr (Nj equivalent) and the
‘cryosorption surface was cooled down to the desired
temperature by either refrigerator or liquid helium.
The blank-off pressure immediately tefore the gas iam-
£lux was between 1 x 1078 and 1 x 10-9 Torr which
variéd with cryosurface temperature and the duration of
bakeout., Hp outgassed from the chamber wall which was
at .ambient temperature was the predominant residue gas.

A.

Adsorption Capacitv and Pumping Speed

‘Desired amount of He (5 x 103 T - 2/s to .5T - i/s

depending on temperature of cryosurface) at ambdient

temperature was introduced into the main chamber through.

valve Vi and orifice C;., Two different modes were:
employed during the measurements; {(a) by continuous
feeding of He at constant flow rate until charcoal panel
reached its capacity which was indicated by rapid in-
crease in chamber pressure (monitored by BA gauge G2)
followed by convection and warmup of cryosorption panel;
‘(b) by intermittent feeding of He at constaant flow rate
for predetermined duration (typically 5 to 30 minutes),
after that valve V] was closed for sufficient time (1

to 2 hours) to allow the system to reach a2quilibrium,
then the cycles were repeated until charcoal panel
reached its capacity. The measured total adsorption
capacitias at different temperatures are plotted in

Fig. 2. No aporeciable sorbing capacity was observed
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for temperaturas higher than 20°K.
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The capacities in
flow mode (b) were fouad 20% to 30%

higher than those in the continuous flow mode (a) at

same temperature.
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Difference Cryopanel Temperatures

sur face coverage.

The initial pumping speed differs

lictle ac different temperature, however, at higher

temperature it drops off more rapidly

with increasing

In the intermictent runs, the

pumping speeds were found to be increasing at the

begianing of each cycle (see Fig. 4.)
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than those in the continuous run under the same surface

coverage and temperature. This difference became
smaller at lower temperature i.e. 4.29K. Less than 307%
decrease in pumping speed was observed at 4.29K when gas
flow rate was increased by forcy fOLd (from 1.7 x 10->
T . g/gsco? to 7 x 10=4 T - 2/s-cm?),

3. Eaqualibrium Pressure and Heat of Adsorption

The residual»helidm pressure in vacuum champer atc
different surface coverages were measured after the in-
flux of helium was stopped as mentioumed in A in the
intermitteat ruas. Durations between 1 and 2 hours were
needed for the system to reach equilibrium which was
indicated by little pressure change for, say, 15 to 20
minutes. Fig. 5 snows the residual pressure (N2
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Fig. 5. Residual Helium Pressure at 4.2°K.
equivalent) versus surface coverage 2 minutes, 15 min-
utes, and 1 hour after helium flow was stopped when the
cryosorption panel was at 4.20K, Fig., 6 shows the
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Fig. 6. Adsorption Isotherm of Helium
’ on Coconut Charcoal.

adsorption isotherms measured at several different
temperatures. The equilibrum pressures nave been cor-
rected for thermomolecular effec:

In order to estimate the heat load from cryo=
sorption, it is necessary to decermine the magnitude of
heat of adsorption. The heat of adsorpcion of helium
on charcoal was determined by measuring adsorptioa
isosters betweenl? and 190X after desired amount of gas

- was adsorbed and by using Clausius Clayperon expression

4E = 4,575 A log P/&T cal/mole. The values obtained
decreased slightly with increasing surface coverage from '
940 cal/mole at 1.7 x 10°2 T - z/cmZ to 760 cal/mole at
.5 Tg/cml, The low heat values indicate that the
adsorption was purely physical in nature aand the heat
load to cryopanel is neglibible comparing with those
from other sources like radiation §Egncqqquction.

C. The Adsorption of He/Hs Mixture

Due to the presence of large quantity of hydrogen
isotopes in a fusion reactor, their influence on the
adsorption behavior of helium will be crucial to the
design of a compound cryopump. We have studied the
changes in pumping speed and capacity of helium adsorp=-
tion at 4,29K and 13.59K in the presence of various
amounts of hydrogen. The desired amounts of He and Hjy
were admitted simultaneously into the system through
valves V] and Vy’ respectively. The gas flow rate
ratio QHy/Qge was determined by oressure gauges Gp and
Gl and conductance C. The partial pressure of indi-
vidual gas in equilibrium with charcoal panel was
determined Dy BA gauge G, and mass spectrometer MS. The
resultant capacitiés and relative pumping speeds werea
shown in Fig. 2 (filled triangles) and Table I

TABLE I. Relative Pumpiang Speeds
of He in H,/He Mixture

2/
T = 13.5%K T = 4.2%% T =4.2%"
(a)
Q= 15 bHZ= L03 | 3y =.67 MH2=.10 3,=2.8 bHZ= 47
(b (c) (b) (o) (b) ()
Qg /Q sHe Q /QHe SHe Q /Q SHe
Hy 2
.04 .96 .02 1.00 .02 .91
.07 .91 .04 .95 .04 .93
.15 .78 .10 .95 .10 .87
.37 .56 .19 .96 .19 .88
.91 46 .38 .97 .38 .39
1.83 .39 . .76 1.00 .76 .88
3.65 .33 1.90 1.19 1.52 .83
3.80 1.15 3.80 .83
7.60 .75

(a) C: Surface coverage expressed in T - z/cmz.

(b) Qy, not corrected for hydrogen cryocondensation.
(c) Sge relative to pure helium pumping speed at same
temperature,

respectively. No significant change in He pumping’
speed was observed when Qu,/QHe or He surface coverage
was small, however, He Pumping speed drops at nigher
QH /Qqe value and the percentage of decrease is wore
severe at 13.39K (Table I). The combined adsorption
capacity of He and Hy (Fig. 2) is very close to the
capacity of pure helium, this suggests that Hj is
competing with He for active site on charcoal surface
but not blocking the adsorption of He.



D. Desorption of He from.Charcoal

Controlled regeneration of He £rom charcoal with-
out disturbing the cryccondensed hydrogen isotopes will
be required in the desizn of compound: cryopump. The
study of desorption of HYe £frcam charcoal was carried out
bv warcing up the crvopanel slowly after known amounts
of He was adsorbed on charcoal. The turbomolecular ouap
TP with the known .counductance valve V3 (26 7/s for He)
was used to evacuate the desorbed He gas. Both vacuum
chamber pressure and charcoal panel temperature were
monicored during the warmup process. Our preliminary
data indicate that mass desorption of He from charcoal
occurs at T 3 209K depending om the amount of adsorbed
nelium and is 9947 complete before a temperature of

350K is reached. However due to high mobility of He in

charcoal at this temperature range, either high speed
pump or good temperature control will be required to
maintain low pressure during regeneration and to avoid
convection.

IV. CONCLUSION

Based on the results obtained so far, we have
reached the following conclusions pertinent to the
design of a cryosorption pump for He using charcoal as
adsorbent,

(a) Adsorption Capacity ~ 8 T/ and puamping speed
4 3/s per cm? adsorbent (~ .l gm coconut charcoal
per cm? area) can be achieved at LHe cooled panel. The
pumping speed is limited by the transmissivity of
chevrons and corresponds to a sticking coefficient ~.8.

(b) Pumping speed is virtually unchanged for
surface coverage up to 75% of capacity with a gas flow
race 7 x 1074 T - 4/s-ca? at 4.2%..

(¢) Equilibrium pressure of less than 1 x 10-8
Torr (N2 2quivalent) is obtained at small surface
coverage, however, it slowly increases to ~ 2 x 10-8
Torr at 80% capacity.

(d) Helium can be desorbed by warming up charcoal
slowly. More than 997 adsorbed helium is regenerated

" before cryopanel tamperature reaches 359K,

(e) The presence of a small amount of hydrogen
will not disturb the cryosorption of He,

V. TSTA COMPOUND CRYOPUMP

The TSTA vacuum facility at LASL is intended to
demonstrate realistic fuel supply and clean up oper-
ations similar to those anticipated on fusion devices.
For cryopumps which are to be evaluated at TSTA, de-
sign should meet the following major requirements:

(a) pumping capacities of 34,000 T - £ for DT and

5,300 T - 4 for He, (b) pumping speeds of 10,000-15,000
2/s for DT and pumping speed of He greater tham 20% of
those of DT, (c) ability to start pumping at an initial
postburn torus pressure as high as 7.5 x 103 Torr with
initial flow rate of 52 T . 4/s and being able to
achieve a blank-off pressure of ~ 10-8 Torr at near full
capacity, (d) ability to regenerate He and DT separately.

A comvound cryopump was desxgned by us to meet
these requirements. A schematic cross-sectional drawing
of this pump is shown in Fig. 7. This pump consists of
(a) LN cooled chevrons to cool down the incoming gases,
to condense impurity gasses and to serve as radiation

shieldings, (b) LHe reservoir and LHe cooled chevren.for
cryocondensation of hydrogen isotopes, (c) LHe ccoled
cryosorption panel for He pumping with metallically
bonded coconut charcoal as adsorbent. With the excepe
tion of chevron and cryosorpclon panel the erntire unit

is conscructed of 304 stainless steei. Some important

specifications of this pump are listed in Table II and

TABLE II. BUL Compound Cryopump Specificaticas

BNL Compound TSTA
Cryopump Requirements

1. Physical Dimemsions

16" Isopneurop

Input Port flange | Same
Regeneration Port 6" Conflat - Same
Weight ~ 600 1b
Size 35" 0.D.,32"¢tall
2. Estimated Pumping Speed
SD (2/s) 13,000 10,000-15,000
2
SI (2/s) 10,400 10,000-15,000
2
SHe (L/s) 3,200 > 20% of SD7
SHe/sD (%) 25 2 20
2
5; Estimated Capacity
DT (T-2/8) > 34,000 34,000
He (T-2/8) ~ 8,000 5,300
He/DT (%) ~ 20 2 14

4. Cryogen Comsumption

L, (2/hr)

LHe (4/hr)

} 10 hr. operation before
refill.

compared with TSTA requirements. This compound cryo-
pump is currently under fabrication by Jaais Research
Corporation. Upon completion, it will be tested at BNL
prior to delivery to LASL for evaluation.
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