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Summary

This paper presencs the studies of cryosorption    = MASTER
pumping of He by charcoal ac 4.20K and between 10 and                  <GI)          v2   (61 1
200K. We concl·.ide chae coconut charcoal  ac  4.2'K is -« ici *

1
3 4 X1 -suitable for evacuacing He from fusion reactors.  A

compound cryopump design, which utilizes cryoconden- ;H202267 Cl'   P'   F®: Helsation for hydrogen isotopes and cryosorpcion for
helium is also presented. REFRIGERATOR

I.  Introduction

(a)In fusion reactors, reliable high-speed vacuum

pump system will be required to evacuate the reactor CHARCOAL PANEL
chamber during and becween burns. The plasma exhaust ( 2NO STAGE COOLING)
gases are expected to be largely mixtures of hydrogen
and helium isocopes which can be pumped by cryopumping. CHEVRON
The advantage of cryopumping lies Ln ics ability co ( ISTSTAGE COOLING)          -
achieve  very high pumping speeds  at low equilibrium                                                                      \/3                                                          m:i y E 3 2
pressure and to confine the pumped species onto cryo- , i 11 li ir

surface. The hydrogen isotopes can be pumped effi- EEr-  1<:1:111
 /659624

ciently by either cryocondensation or cryosorption ac
a /Jil 5 52/7

liquid helium cemperature. Helium, however, can only
.

 ---  LN 2 RESERVOIR 'gailip#.

be pumped by cryosorption at low temperature. The two 1» F 31,b98f;:
mosc commonly used adsorbents for cryosorption of helium fibilii 1
are activated charcoal and molecular sieves. Cryo- CHARCOAL PANEL

Il.:f ,-
I He VENTING Fibalilis

sorpcion pumping of helium on charcoal has been reported -Intr- ,///2/E,i
in previous publications,1,2 however, neither the extent LN2 COOLED -1%7 = :13 11/1 :B
nor che characteristics of these studies has covered CHEVRON --*--1

-
LH, RESERVOIR    li jil:;!lil(80.K)the needs for fusion devices.

He VAPOR COO LED--- S  
4 8:Kil,8.-
c :58*&1/51

This investigacion was initiaced to study che CHEVRON (20°K) »R (b) :fillogi:
cryosorption behavior of helium on activated charcoal ER:Ezifif
at low camperacure under conditions similar to those 1 Ji gi i 9, i b B 3

anticipated on future fusion devices. We have obtained :Z 52'S#Z
the following information during the course of chis 1881"3284.

study: (a) The sorption capacicy of He between 10 and Fig. 1. Experimental Setup (a). Vacuum Syscem ///8,1:/2
200K and at 4.20K. (b) The pumping speeds of He ac wich Refrigerator; (b). 4.29K Cryosorpcion-Pump. 12/*2:119

.S-SS.08.9-differenc surface coverage at the same temperature
ranges. (c) The equilibrium pressures ac different

desired gas flow races-were obtained by using Granville-  111111;j.

surface coverages ac these  temperatur es. (d) The be- Phillips servodriven bleed valves Vl or Vl' and moni-

havior of He cryosorption pumping in the presence of
caring pressures Pl or Pl' with Schulz-Pheleps type
gauges Gl or Gl'·  The partial pressure of gases in

various amouncs of hydrogen isotopes. (e) Regeneracion
characceriscics from charcoal ac higher temperatures. equallbriumwith cryosorption surface was decermined by

measured total pressure 22 at Bayard-Alpert gague G2

Based on the information obtained on cryosorption and by analyizing mass spectrum ac MS.  The gas flow

of He on charcoal in this scudy and on cryocondensacion race Q (in Torr-liter/sec) is calculated from Q =
of hydrogen isotopes on polished surface ac 4.2OK,3-5 ((21 - 22) and the pumping speed S (in licer/sec) from

s - Q/P 2·the design of a compound cryopump is presented which

utilizes cryosorption for helium and cryocondensacion
of hydrogen isotopes.  This pump is under fabrication

When Air Product Refrigerator, which has a zero

and will be delivered to Tritium System Test Assembly
heat-load 2nd scage temperature lOOK.was used, a black

(TSTA) at Los Alamos Scientific Laboratory for cesting.
chevron baffle was attached to ist stage cooling panel

(- 7OOK) to woo 1 down the incoming gas and co supply
II. Experimental Setup radiation shielding.  This 6" diameter baffle has a

conductance of 1500 1/8 for He.  Charcoal was epoxy

rhe syscem used in this study is shown schemaci- bonded co a copper place before being attached to the

cally in Fig. 1. An Air Product Displex Refrigerator 2nd stage cold finger. Calibrated silicone diode cype

(Fig. 1(a)) was used to cool down the cryosorption panel sensors which have uncertainty less :han 0.1OK were

co desired temperacure between 10 and 200K, while a used to monitor the temperacures ac both chevron and

modified LHe cooled Excalibur Cryopump (Fig. 1(b)) was charcoal place.  The modified Excalibur Cryopump

used for measurements at 4.2OK. The cryosorption sur- (Fig. 1(b)) has two chevron baffles, one is cooled by
LN2, the other by cold He vapor (- 200K) from LHe

face sits inside the main vacuum chamber which was
inicial17 pumped out by turbomolecular pump TP. The reservoir.  These two baffles together give a conductance

main chamber is separated from the gas inlec chambers of - 1500 1/sec for He. Charcoal was epoxy-bonded on

by calibraced orifices 31 and =1'·  These orifices have the chevron side of the LHe reservoir and its tamper-
ature was also monitored with silicone diode typeconductances of 7 2/s for He and 10 1/s for HZ·  The
sensor.

*                                                     Although most :neasuremencs were done with epoxy-
Work performed under che auspices of the U. S. Depart- bonded coconuc charcoal, a cin-silver alloy (3.5% Ag)
menc of Energy.
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which has an eutectic point 221'C has been successfully for temperature higher chan 200K.  The capacities in  - /·<

cesced as bonding material. Charcoal was mechanically the. incermittent flow mode (b) ware found 20% co 30% /
embedded in melted alloy which was in turn manufactured higher than those in the continuous flow mode (a) at
into ..1/8" thick place. Mecalized bonding has several same temperature.
advantages over epoxy bonding: (a)·better thermal
conductivity, (b) less temperature gradient, (c) higher Fig. 3 shows the pumping speed as a function of

resistance to neutron radiacion damage under fusion
environment, and (d) nonblocking of che porous path on
che surface of charcoal.

N
III. MEASIIREMENTS AND RESULTS                E

Prior to each measurement, che entire system was

3     4-     -   -     -   6__I_     .   i  .-  -
9

baked out co - 1000C for several hours and evacuated -                               1simultaneously by turbomolecular pump TP (Fig. 1(a)). 8 2-The valve V3 was closed after che residual pressure
dropped below 1 x 10-6 Torr (32 equivalent) and the        
cryosorption surface was cooled down to the desired 1

..-'.S«j .
temperature by either refrigerator or liquid helium.   0.8-    011.2°K
The blank-off pressure immediately before the gas in, E 0.6-

flux was becween 1 x 10-8 and 1 x 10-9 Torr which 1 0.4- , 15.7°K
5         013.OOK

varied with cryosurface temperature and the duration of    a-
bakeout.  H2 outgassed from the chamber wall which was     J a 16.0°K
at ambient temperature  was the predominant residue  gas.          3 0.2 -     A 17.5°K

W
IA.  Adsorotion :agacitv and Pumoing Soeed . 1 ''11 1 , /1, /1        /    /   '  ' ' ' 1,1

0.1                        1.0

'Desired amount of He (5 x 10-3 T · 1/s co .5T · 2/s SURFACE COVERAGE (T·1/cmz)
depending on temperacure of cryosurface) at ambient
cemperacure was introduced into the main chamber through.
valve Vl and orifice Cl·  Two different modes were
employed during the measurements; (a) by continuous

feeding of He at constant flow race until charcoal panel Fig. 3.  Pumping Speed of.Helium by Charcoal at
reached its capacity which was indicated by rapid in- Difference Cryopanel Temperacures
crease in chamber pressure (monitored by BA gauge G2)
followed by convection and warmup of cryosorpcion panel; surface coverage.  The initial pumping speed differs
(b) by incermittent feeding of He ac conscanc flow rate lictle ac different temperature, however, ac higher
for predetermined duracion (typically 5 co 30 minutes), temperature it drops off more rapidly with increasing
after that valve Vl was closed for sufficient time (1 surface coverage. In the intermictent runs, the
to 2 hours) to allow the system to reach equilibrium, pumping speeds were found to be increasing at the
then the cycles were repeated until charcoal panel beginning of each cycle (see Fig. 4.) and were higher
reached its capacity. The measured total adsorption
capacities at different temperatures are plotted in

Fig. 2. No appreciable sorbing capacity was observed
24 6            8           10           12
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Fig. 4.  Pumping Speed of Helium by Charcoal with

CHARCOAL PANEL TEMPERATURE (°K ) Continuous and Intermittenc He Flow. Flow Race:

Fig. 2.  Helium Adsorpcion Capacity ac Different 2.5 x 10-4 T • 1/s-cm2 (1303) , 6.7 x 10-4 T · 1/s-c=2

Cryopanel temperature. (4.2OK).
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than those in the continuous run under the same surface adsorption isotherms measured at several different
coverage and temperature. This difference became temperatures. The equilibrum pressures have been cor-

smaller ac lower temperature i. e. 4.20K.  Less chan 30% rected for thermomolecular effect.
decrease in pumping speed was observed at 4.2OK when gas
flow rate was increased by forcy fold (from 1.7 x 10-5 In order co estimate che heat load from cryo-
T · 1/9-c=2 to 7 x 10-4 T · 1/s-c=2). sorption, it is necessary to decermine the magnitude of

heat of adsorpcion.  The heat of adsorpcion of helium
B.  Eaualibrium Pressure and Heac of Adsorotion on charcoal was determined by measuring adsorption

isosters between 12 and 19OK after desired amounc  of  gas
The residual helium pressure in vacuum chamber ac

was adsorbed and by ysing Jlausius Clayperon expression
differenc surface coverages were measured after the in- aH = 4.575 8 log P/er cal/moie. The values obcained
flux of helium was stopped as mentioned in A in the decreased slightly with increasing surface coverage from
intermittent runs.  Durations between 1 and 2 hours were 940 cal/mole at 1.7 x 10-2 T · 2/cml to 760 cal/mole at
needed for the system to reach equilibrium which was .5 TZ/cm2.  The low heat values indicate thac the
indicated by little pressure change for, say, 15 to 20 adsorption was purely 1hysical in nature and the heat
minutes.  Fig. 5 shows the residual pressure (N2 load to cryopanel is neglibible comparing with those

from other sources like radiation and conduction.

C.  The Adsorption of He/H, Mixture
04- , ,

..1                                             ,           ..1                                             .            ..

-                                                 -        Due to the presence of large quantity of hydrogen0               A  2 min l
Ct

            _        •   IS min
p

AFTER He FLOW WAS STOPPED _    isotopes in a fusion reactor, their influence on the

0 -ihr J adsorption behavior of helium will be crucial to the
9                                                A      design of a compound cryopump. We have scudied thek-
ats

- -    changes in pumping speed and capacity of helium adsorp-
tion at 4.2OK and 13.5OK in the presence of various

  -7  _         amounts of hydrogen.     The  des ired amounts   of  He  and  H2

2 3                               A          K - valves Vl and Vl' respectively.  The gas flow rate
10 . )/ -    were admitted simultaneously into the system through

i w -
ratio QH2/QHe was determined by pressure gauges Gl and-1

  g     -                                 A                                    -      Gl' and conduccance  C. The partial pressure of  indi-
I                    vidual gas in equilibrium with charcoal panel was

A     6          0       0               -   determined by BA gauge G2 and mass spectrometer MS.  The

0 resultant capacities and relative pumping speeds were
(n
Ld shown in Fig. 2 (filled triangles) and Table I

.   ida  '
'

...,0.1

SURFACE COVERAGE (T· 9/an21
TABLE I.  Relative Pumping Speeds

of He in H2,·'He Mixture

Fig. 5. Residual Helium Pressure at 4.2OK.
T = 13.50K T = 4.20K T - 4.20K

equivalent) versus surface coverage 2 minutes, 15 min- (a)

utes,  and 1 hour after helium flow was stopped when the      CHe=.15   :  =  .03     (He-.67   C.g =.10    Clie-2.8   C.% =.47
cryosorption panel was at 4.20K.  Fig. 6 shows the                    2                    2       

            2

(b) (C) (b) (C) (b) (C)

QH21 He  SHe        QH2/QHe  SHe        H2/QHe  SHe
1 ' 8' 1   ' 1' 'I ,

1

.04 .96 .02 1.00 .02 .91

-- 1 .07 .91 .04 .95 .04 .93

-                7  4 :IM /--r. -

.37 .56 .19 .96 .19 .88

.15 .78 .10 .95 .10 .87

4 l- A 13.6'K  /<                              _                        .9 1               .4 6                 .3 8               .9 7              .3 8               .8 9

1.83 .39 .76 1.00 .76 .881.../f, 3.65 .33 1.90 1.19 1.52      .83

i   11                    f...2/ /     1      (b)  '2 not corrected

for hydrogen cryocondensation.

-
3.80 1.15 3.80 .83/0

7.60 .75

6  0.1  r l           j 18*20. -- (a)  C:  Surface coverage expressed in T · 1/c=2.

/                (c)  SHe relative to pure helium pumping speed ac same
temperature.

, /,1             /            1       ''1             /            ,       ,     .1

lo.a 10-7 10-6

EQUILIBRIUM PRESSURE (TORRI respectively.  No significanc change in He pumping
(CORRECTED FOR THERMOMOLECULAR EFFECT) speed was observed when QH2/QHe  or He surface coverage

was small, however, He Pumping speed drops at higher
QH2/QHe value and the percentage of decrease is more
severe at 13.5'K (Table I).  The combined adsorption
capacity of He and H2 (Fig. 2) is very close to the
capacity of pure helium, this suggests that H2 is

Fig. 6.  Adsorption Isotherm of Helium competing with He for active site on charcoal surface
on Coconuc Charcoal. but not blocking the adsorption of He.
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shieldings, (b) LHe reservoir and LHe cooled chevron for
D.  Desorocion of He from..Charzoal

cryocondensation of hydrogen isotopes, (c) LHe cooled
cryosorption panel for He pumping with metallically

Controlled regeneration of He from charcoal with- bonded coconut charcoal as adsorbent. With the exceoe
out disturbidg the cryocondensed hydrogen isotopes will tion of chevron and cryosorption panel, the entire unitbe required in the design of cocnpound: cryopump.  The is constructed of 304 stainless sceel. Some importanc
study of desorption of He frcm charcoal was carried out specifications of this pump are listed in Table II and
by warcizg up the cr-opanel slowly afcer known amounts
of He was adsorbed on charcoal. The curbomolecular punp
TP with the known .conduccance valve 93  (26 2/s  for Ke) TABLE II. BUL Compound Cryopump Specificacions
was used co evacuate the desorbed He gas. Boch vacuum

8chamber pressure and charcoal panel temperature were

monicored during the warmup process.  Our preliminary BNL Compound TSTA

data indicate that mass desorption of He from charcoal Cryopump Requirements
occurs at T 2 200K depending on the amount of adsorbed 1. Physical Dimensions
helium and is 99+% complete before a temperature of 16" Isopneurop
350K is reached.  However due to high mobility of He in Input Port flange Same

charcoal at this temperature range, either high speed Regeneration Port 6" Conflat Same
pump or good temperature control will be required to
maincain low pressure during regeneration and to avoid Weight - 600 lb

convection. Size 35"0. D.,32"tall

IV.  CONCLUSION
2. Estimated Pumping Speed

Based on the results obtained so far, we have
SD2

(1/s) 13,000 10,000-15,000reached the following conclusions pertinent to the
design of a cryosorpcion pump for He using charcoal as
adsorbent. sT (2/s) 10,400 10,000-15,000

2

(a)  Adsorption Capacity - 8 TZ and pumping speed
SHe (2/S) 3,200 2 20% of S- 4 1/s  per cm2 adsorbent  (- . 1 gm coconuc charcoal                                                                                              DZ

per cm2 area) can be achieved at LHe cooled panel.  The

pumping speed is limited by the cransmissivity of SHe/SD   (%)                25           i 20
chevrons and corresponds co a sticking coefficient -.8.           2

(b) Pumping speed is virtually unchanged for 3.  Estimated Capacity
surface coverage up co 75% of capacity wich a gas flow
race 7 x 10-4 T · 1/s-cm2 at 4.2aK.              - DT (TU /s) >-34,000 34,000

(c)  Equilibrium pressure of less than 1 x 10-8 He (T·1/s) - 8,000 5,300

 
Tor: (N2 equivalent) is obtained at small surface He/DT (7.) - 20 2 14
coverage, however, it slowly increases to -2 x 10-8
Torr at 80% capacity.

4.  Cryogen Consumption

(d) Helium can be desorbed by warming up charcoal LN
2    (2/hr)             3slowly.  More than 99% adsorbed helium is regenerated

  10 hr. operation beforebefore cryopanel temperature reaches 35OK. LHe (1/hr)                     2                   refill.

(e) The presence of a small amount of hydrogen
will noc disturb the cryosorpcion of He.

V.  TSTA COMPOUND CRYOPUMP compared with TSTA requirements.  This compound cryo-
pump is currently under fabrication by Jaais Research

The TSTA vacuum facility at LASL is intended to Corporation.  Upon complecion, it will be tested at BNL
demonstrate realistic fuel supply and clean up oper- prior to delivery to LASL for evaluation.
ations similar to those anticipated on fusion devices.
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Fig. 7.  TSTA Compound Cryopump.


